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IN REPLY
REFER TO:

_ UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

REGIONAL OFFICE, REGION |
BOX 937, BOISE, IDAHO

To: Regional Director, Boise, Idaho
From: Regional Project DeVelopment Engineer, Boise, Idaho
Subject: Special Report -- Snake Plain Recharge Project, Idaho

This report outlines our findings based on a reconnaissance-grade
investigation of the Snake Plain Recharge Project, Idaho. The
investigation leading to the report was conducted as a part of the
approved program for the Bureau of Reclamation General Investiga-
tions, fiscal years 1960, 1961, and 1962.

The Snake River Plain east of Bliss, Idaho, has experienced a large,
stable, and highly productive irrigation development in the past,
and there are future land- and water-resource potentials of great
scope existing within the area. Recent Bureau of Reclamalion-Corps
of Engineers studies in the Upper Snake River Basin indicate that

- there are about 580,000 acres of new, potentially irrigable land,

and 860,000 acres of land requiring a supplemental water supply in
this area. '

The realization of any substantial new irrigation development in the
area, however, is dependent upon the development of a source of
water to complement the present surface-water supply from Snake
River at and above Milner Dam, which is completely used in dry years.
This need can, in part, be satisfied by further development of the
Snake Plain aquifer, a vast ground-water resource underlying that
part of the plain broadly defined by mountains on the north, south,
and east, and the Snake River from Twin Falls Lo Bliss as Lhe
western limit.

The aquifer is presently recharged each year by percolation from
irrigation diversions on the plain, seepage from streams entering
or crossing the plain, underflow from tributary basins, and precipi-
tation in the form of rain and snow. The average annual recharge
from these sources is estimated to be ‘6,600,000 acre-feet.
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Discharge from the aquifer is into the Snake River and occurs mainly
in two areas; in the reach between the RBlackfoot and Neeley gaging
stations, and in the reach between Twin Falls and Bliss. In the first
reach, the annual discharge is estimated to be about 21600 cubic feet
per second. Most of the inflow in this reach is stored in American
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Falls Reservoir. Discharge In the second reach averages about 7,500
cubic feet per second. m—

Companion with this ground-water resource is a surface~water supply
that is in part unused. At Milner Dam, the last point of gravity
diversion in the Upper Snake, the river is fully appropriated over
a long period of dry years. However, in years of normal or above-
normal runoff, there is water that spills past Milner Dam unused.
Operation studies show that during the period 1928-1957 a total of
ebout 16,600,000 acre-f@et would spill past the dam in excess of
Ppresent irrigation and power requirements and thus be available for.
recharge purposes. This surplus flow, however, does not occur
regularly, and veries in amount in the years that it does occur.
Over the period of study, the minimum amount of s-_ﬁv“‘f
feet in 1930, while the maximum was 1,079,000 5 : i
spill occurred during t e years 1931-1938 and 1940- l9h2.

Artificial recharge, as outlined in this report, would consist of
diverting surplus surface flows of wet years to infiltration areas
where this weter would enter the porous materials of the aquifer.
Thus, both the transient storage provided by the aquifer and the
surplus surface water that 1s now unused would be beneficially Jjoined.

If the concept of artificial recharge is considered in the light of
present and future water-resource developments in the Upper Snake
River Basin above Bliss, it would have the effect of:

(a) Putting underground, surplus flows of Henrys Fork and
Snake River that would ctherwise spill past Milner
unused ;

(b) Increasing the flow from the aquifer into Snake River
at various places between Idaho Falls and Bliss;

(c) Making available water for a variety of purposes that
might not otherwise be usable in this reach of the

river;

(4) Moderating a declining water-table level in some areas
and forestalling this trend in other areas and encour-
aging new irrigation development involving ground-wsater
pumping as a result; and

(e) Providing flood control by diversion of peak flows of
Henrys Fork and Snake River.

The Snake Plain lave offers an unusually good opportunity for arti-
ficial recharge. In many places the irregular, broken surface of
the lava takes water readily, and lerge fractures and other openings
rpermit rapid percolation into the aquifer. Openings in the basalts
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and interflow zones underlying the plain have a le.rge volume or
water~-holding capacity. It is estimated that g water-level rise
of 10 feet in the aquifer would represent an increase in water

.volume underground of approximately &,g@,ggg acre-feet. Because

of high transmissibility coefficients, the pressure effects of
recharge would spread rapldly, and large amounts of water could be
recharged st one place without building a ground-water mound to
excessive height. =

In the determination of suitable sites for artificial recharge on
the plain, several restrictive factors were taken into consideration.
The selection of an area for the purposes of artificial recharge is
largely dependent upon: the availability of water, a favorable
topographic situation that would permit diversion of surplus flows
by gravity to infiltration areas, a means of water movement from
source to site that would be practical from an engineering and
economic viewpoint, and a sufficiently large infiltration area with
materials of adequate absorptive capacity.

From examination of the contours of the water table and flow net
of the Snake Plain squifer, it appears that artificial recharge
would cover the widest ares and offer the greatest benefit to
present and future water use, both underground and surface, if in-
troduced as near the head or begimning of the aquifer as possible.
Recharge could then raise wa.’cer levels throughout more of the
aquifer.

The most suitable and effective recharge sites on the plain would
be the St. Anthony, Idaho Falls, and Idaho Falls-Blackfoot Gravel
Pit Recharge areas. Other recharge possibilities investigated to

a lesser degree in this study are the Milner-Gooding Recharge arca
and the Big and Little Wood River Recharge areas, all In the western
part of the project area.

Storage of surplus streamflows for the multiple purposes of irriga-
tion, power, and flood control is traditionelly thought of in terms
of retaining the water in an impoundment above ground. The Snake
Plain Recherge Project has the same beneficial purposes as objectives,
but is unique in that the surplus water would be passed underground
into the interstices, pore spaces, and caverns of the extensive lava
and sedimentary rocks underlying the Great Plain of the Snake River.
There it would augment an existing transient ground-water resource

~and could be withdrawn by pumping or would reappear downgradient in

Snake River to be usable when otherwise it might not have been.

areas--the St, Anthony Recharge ares : : :
and the Idaho Falls-Blackfoot C—rgvel Pit Recharge a.rea.--were selected




for detalled study and constitute the development plan for this
reconnaissance appraisal.

St . Anthony Recharge Area 1s located west of Egin Bench and Menan
Buttes. The surface of basalt in this area is grestly fractured,
and some of the fractures formed in pressure ridges sre quite large.
There are numerous closed depressions and other areas that could be
closed with a small amount of construction. However, much of the
basalt is covered by a blanket of windblown sand and silt that par-
tially clogs the openings in the basalt and would reduce infiltration
capacity. Nevertheless, it is believed that this area, either by
water spreading or & combination of injection wells and water spread-
ing, is well adapted for use as a recharge area. The St. Anthony
Recharge area requires s headworks structure on Henrys Fork Just up-
stream from the town of St. Anthony, a canal from the diversion
structure to the recharge area, four ponding areas, and enlargement
of the existing Egin Lakes. o i

Ideho Falls Recharge Area lies in the lavas west of the town of -
Idaho Falls. The ares would receive surplus water through a cansal
heading a few miles southeast of Roberts, Idaho. Facilities in the
development plan include a headworks structure, enlargement of
apgroxima.tely 11 miles of the Great Western Canal, and the construc-
tion oI about T_}._eg__q_gw. Natural depressions would be

utilized as ponding areas. The lava in the disposal aresa is much

.more broken up and contains less soil-and-silt cover than the St.

Anthony area.

Idsho Falls-Blackfoot Gravel Pit Recharge Area along the Snake River
between Idaho Falls and Blackfoot would utilize surplus flows by
diversion of water to a series of gravel borrow areas, some of which
have bottom grades lower than the river. A total of about 6 miles
of canel at separate locations would comprise the facilities re-
quired for diversion to the gravel pits.

It is concluded from this study that the diversion of surplus flows. -
from Henrys Fork and Snake River, and the delivery of these flows ~
to the St. Anthony, Idahe Falls, and Idaho Falls<Blackfoot Gravel

Pit Recharge areas for the purpose of artifically contributing to

the recharge of the Snake Plain aquifer would be a beneficial appli- -
cation of water now unused in the area. Further, plans for doing
this would have economic justification and engineering feasibllity.
Project benefits would apply in scme degree to more than 100,000
people and marny water-use. functions, and the identification of the
individual beneficiaries and of the amount of benefits accruing to
each would be very difficult, if not impossible. Hence, an accept-
able means of obtaining repeyment of reimbursable costs is not
apparent at this time. !
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On the basis of this investigation, I recommend that:

(1) This report be furnished to the present water users in
the Sneke Plain and to other individuals and groups interested in
development of the land and water resource of the State.

(2) A thorough canvass be made by public hearings, or direct
contact with the people and water user interests to determine the
extent of interest in, and support for the, project.

(3) Feasibility studies be undertaken when there is
strong evidence of support for and interest in the project, and
when a solution to the question of repeyment of reimburssble
project costs is apparent.

AL WA
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STATISTICAL SUMMARY

Snake Plein Recharge Project
: Idaho

LOCATION

The Snake Plain Recharge Project involves an area within the
Upper Snake River Basin lying mainly on the north side of Snake
River, extending upstream some 200 miles north
to Ashton, in southeastern Idaho. Project artificlal recharge areas
would be located as follows: (1) the sand and lava area west of
St. Anthony, (2) the lavas west of Idaho Falls, and (3) existing
gravel pits adjacent to Snake River from Jdaho Falls to Blackfoot.

AUTHORTIZATION

Investigations leading to this report are authorized by Federal
Reclamation Law (Act of June 17, 1902, 32 Stat. 388, and Acts amend-
atory thereof and supplementary thereto) .

PLAN

The Snake Plain Recharge Project would serve the multipurpose
functions of irrigation, power, flood control, recreation, and fish
and wildlife. Water for municipal and industrial purposce and pol-
lution abatement control would be made available, but costs and
benefits associated with the future long-term needs for these func-
tions have not been evaluated.

The development plan provides for diversion headworks and
canals to divert and trensport flows of Henrys Fork and Spake River
that are in excess of downstream priorities, to infiltration areas
for purposes of artificially contributing to the ground-water resource
of the Snake River Plain.

Recharge water would be stored in the porous materials under-
lying the Plain, and would move slowly downgrade to re-enter Snake
River in the form of springs at & somewhet uniform rate above Bliss,
Idaho. This artificial recharge would tend to stabilize the regional
water table to the benefit of both present and future ground-water
punping for purposes of irrigation, municipal, industrial, and other
needs, and would serve as a measure of flood control by diverting
flood flows from Henrys Fork and Snake River. The increased ground-
water inflows to Snake River would stabilize, to some extent, the
river flows and benefit surface-water irrigation, power production,
and other functions.




‘Statistical Summary - Snake Plain Recharge Project

COSTS
Prices as of April 1961
Construction ~ Annual
Aresn Cost - Total Q%M . Costs
St. Anthony Recharge Area ...vevsr $ 4,460,000 1/ $ 7,500 3/
Tdaho Falls Recherge Area ..v..c.. 8,380,000 2/ 12,500 3/
Id.aho F&llB-BlaCkfoot manp P R N 4 130 ?_OOO 1. :OOO
Total otoc;ltu'iouicﬁcblﬂlllti $13,150’000 N $2l,000
) M"" - i " “Wi
1/ Includes $430,000 for mit igation and preservation of existing
fishery. S _ , ,
2/ Includes $625,000 for mitigation and preservation of existing
fishery.. ) .

3/ Includes $500 for fish and wildlife facilities.

COST ALLOCATION

COSTS

. L Flood  Fish &
Ttem Irrigation POWeT  (ontpel  wWildlife Total

(dollé.rs) (@ollar) (dollar) (dollar) (dollars)

Total Allocated and
Assigned Costs
(1) Construction
costs 4,647,000 6,188,000 1,260,000 1,055,000 13,150,000
(2) Interest during
construction 117,000 153,000 33,000 26,000 = 329,000
(3) osM : 8,000 10,000 2,000 1,000 @ 21,000

Total Annual
Allocated Costs
(1) Construction : '
costs 126,900 169,000 34,400 330,300

(2) Interest 3,200  L,200 900 : 8,300
(3) oaM 8,000 10,000 2,000 20,000
(4) Replacements - - -- -
TOTAL 138,100 183,200 37,300 358,600 =




Statistical Summary - Snake Plain Recharge Project

REPAYMENT

In considering repayment espects of the Snake Plain Recharge
Project, many unusual and unconventional problems arise. Possible
solutiong to these complex problems are discussed in this report,
but an absolute solution to project repayment is beyond the scope of
this investigation.

BENEFIT-COST RATIO

Item 100-Year Period

(dollars) -

Benefits (annual) :

IITigation .QO'.-‘....‘.‘...CCQ..IC..OOCI.I.GQ 270,000

Power LR BN O B BN BB B AR R B B B BN BN BB RE O N NN NN R R N N N NN N ) LL30,000

Flood control ...vvvccersncsnovncsnsns - 73,000

Tatal l.‘.'I.Il_..‘ltl..‘.....l...'.0...!' 773’000

Net Federal mvestm.ent e P et btrretsrePOERNBEOEBRRESTES 13,359,000

Annual. equivelent Federal investment +..veeeesas 365,000

Anmual operation and maintenance cost ceeevevies 21,000
Annual totel equivalent COSt  eeveseceass 386,000 st

Ratio toco-oo-on-nc--uc-o-n-.oon‘o--ooo--n-o----o 2.00 tOl -

LANDS AND IRRIGATION

Existing and New Potentlal Irrigation Deveiopment
Snake River Basin above Bliss, Idaho

Area Benefited )
© ne : Total Basin

Item By ground-water Other _
Recharge Above Bliss
: (acres) - (acres) (acres)
Existing Irrigation
Surface water 1,430,000 320,000 1,750,000 1/
Ground water 240,000 375,000 2/ 615,000
Subtotal 1,670,000 695,000 2,365,000
New Lands 4/ 250,000 330,000 580,000 3/
Subtotal 250,000 330,000 580,000
TOTAL 1,920,000 1,025,000 2,945,000

1/ 860,000 acres of this total were identified in the Upper Snake
River Basin Report as requiring supplemental water.

{Footnotes continued)
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Statistical Summary - Snake Plain Recharge Project

2/ 180,000 acres of this total would benefit in undeterminable
degrees, but not to the extent that benefits can be claimed,

3/ Represents potential new land irrigation developments as out=-
lined in the Upper Snake River Basin Report,

L/  Both surface and ground water.

POWER
. Ttem 1/ A 2/

Aveilability of flows for diversion L6 days 33 days
Average rate of diversion 2,860 c.f.8. 2,240 c.f.8.
Increased inflows: _

American Falls 190 c.f,s. 100 c.f .8,

Below Milner 310 c.f.8, 190 c.f.8.
Usability of increased flows . 80 percent 95 percent
Energy production due to

inereased flows 265,000,000 kw.~hr, 326,000,000 kw.-hr.
Energy reduction due to

decreased flows 78,000,000 kw.=hr. 260,000,000 kw.-~hr.

Net average annual increase 187,000,000 kw,-ht. 66,000,000 kw.hr.

At-gite value per kw.-hr. 3.k mills 3.4 mills

é/ With Teton Basin and Burns Creek Projects added to present system.
g/ Conditions with future development (as outlined in the 1961
Upper Cnake River Pasln Report).

FLOOD CONTROL

The diversion of floodflows from Henrys Fork and Snake River to
infiltration areas on the plain would serve as & measure of flood con-
trol, The Corps of Engineers has evaluated the benefits associated
with flood control for the project, and estimates that the benefit
derived from flood control on the Henrys Fork and Snake River would be
$34,000 amua; v+ The Corps also advises that recharge diversions
would receive downstream benefits on Lower Columbia (as described in
the Upper Snake River Basin studies), amounting to $39,000 annually,

HYDROLOGY

The water available for diversion for the Snske Plain Recharge
Project is only that weter which is surplus at Milner Dem and is in
excess of power requirements in this general reach of Snake River.

Water divertible to the three recharge sites has been considered
under conditions of present development, the addition of Burns Creek

R2/6k 4




Statistical Summary - .Snake Plain Recharge Project

and the Teton Basin Project, and future conditions as outlined in the
1961 Upper Snake River Basin Report. The average annual amounts of

water available to each of the three areas during the period of study,

1928 to 1957, are shown in the following tabulation.

Average Annual Amount of Water
" -Available for Recharge

Recharge Area Present : Burns Creek & :  Future

Conditions : Teton Basin Proj.: Conditions

ss oe safae os 22 os

(acre-feet) : {acre-feet) : {(acre-feet)
St. Anthony 100,000 83,000 . 58,000
Idaho Falls : 200,000 165,000 : 80,000
Jdaho Falls-Blackfoot : : :
Cravel Pit : 15,000 13,000 ;10,000
TOTAL 1 315,000 261,000 : 148,000
i X
A /"
R 2/64
5




Statistical Summary - Snake Plain Recharge Project

PROJECT FEATURES

. R ' RECHARGE AREA
Items or Features : _ =~ T ' :Idaho Falls-Black-
. St. Antl_xony ; Idaho Falls .roq Gravel Pits
Diversion Da.ms :Existing :ﬁxist ing : _J:/
Headworks : - : :
Type :Concrete :Concrete H
Size ) :2’0_00 c.fo_so :2,500 C.f-S- : -
Gates :Radial :Radial : -
_Other :Fish screens :Fish screens :
: (rotating) : (rotating) :
Recharge Canals s : :
Neme ' :5t. Anthony :Great Western: 1/
: Canal : Canal En- :
2 :+ largement

Capacity
Length
Name
Capacity
Length

Recharge Ponds
Number
Capacity range

Total capacity
Surface arca ronge

Total surface area

Dikes
Number

Length range
Height gage

12,000 c.f.s.

;14,8 miles

:5 ‘
11,350 to 30,395
: acre-feet
:43,500 acre-ft.
120k to 6,078

: acres

:8,000 acres

s ss e

)_‘_

11 milee :

" .

:Idaho Falls
: Recharge
Canal
2,500 c.f.8.
7 miles

LU L I

.

+
S 4% Bb B 84 B3 a0

5 :
420 to 6,545 ;
acre-feet 3

[ LT IR Y I X3

19,810 ac.-ft.:

1 7L to 590 :
: acres
:910 acres

2,500 c.f.s. :Range, 2 to 25 cfs
2 .

5.8 miles total

-y

13 pits

5 to 485 ac «=rt .

2,900 acre-feet
l.3 to 53 acres

:hso tqle,hoo ££.:100 10 700 ft; -

:5 to 16 feet

.
.
*
.
- *
.4 .
*
*
»
:
-
:

:13 to 18 ft.

1/ Diversions mainly from existing canals.

2{ Enlarged from 700 c.f.s. to 2,500 c.f.s.
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INTRODUCTION AND GENERAL

DESCRIPTION

The Shake Plain Recharge Project occuples en ares principally on
the north side of . Snske River, from the upper topographic limits of
the plain dowmstream to the Thousend Springs area near Bliss. Loca~
tion of the general features of the project are shown on General Map,
Drewing No. 932-125-20.

That part of the Snake River Plein lying east of Bliss and the
Hagermen Valley to approximately Ashton and the Big Bend Ridge is
largely underlain by voleanic materialse that comtain and convey tre-
mendous quantities of ground water. This vast underground sequence of
porous materials constitutes an aquifer in which water moves generally
paralleling Snake River from the higher elevations in the northeast to
the lower elevations in the southwest. '

The storage capacity of the aquifer is very large. According to
the U. S. Geologlcal Survey, Ground Water Branch, the coefficient of
storage probebly is on the order of 10 percent, and the total porosity
may be 15 to 20 percent. Assuming & coefficient of storage of 10 per-
cent, each foot of saturated ‘thickness of the entire 12,000 to 13,000
square miles of the aquifer would yield about 800,000 acre-feet of
water. The sbility of the aquifer to transmit water is great. The
coefficient of tra,nsmis‘sibility generally ranges from 1 to 60 million
gallons per day per foot, and probably averages 10 million gallons per
day per foot.« ‘ , ' : ‘

Discharge from the aquifer is inmto Snake River and is chiefly into
two areas) in the prench between the mouth of the Blackfoot River and
Americen Falls, and in the reach between Twin Falls end Bliss. Accord-
ing to U, 8. Geological Survey studies, the average discharge from the
aquifer in the first reach is gbout 2,600 cubic feet per second, of
vhich about 500 cubic feet per second is recharged within the section,
meking the net loss from the aquifer about 2 ,100 cubic feet per second.

Dischirge in the second area 1s chiefly between Twin Falls and
Bliss, although there are a few small springs between Milner Dem and
Twin Falls. Discharge from the aquifer on the north side of the river
sverages aboub ‘6,500 cubic feet per gecond. Cround-water inflow in
this same reach from the south side of ‘the rdver averages about 1,000
cubic feet per second, for a total ground-water inflow in the reach of
about 7,500 cubic feet per second.

At the present time, this large aquifer is being recharged by pre-
cipitation, seepage from streams entering or crossing the plain, under-
flow from tributery basin, and percolation from irrigation diversions
on the plain.

Henrys Fork, which enters Snake River from the north gbout 20 miles
below Heise, is the largest tributary 1in the upper basin and drains the
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Introduction and General Description

western slopes of the Teton Range and the southern slopes of the Cen~
tennial Mountains and intervening aréas. A portion of this runoff is
lost through underground flow, thus also contributing to the recharge
of the Snake Plain aquifer.. o :

Tributaries west of Heénrys Fork flow generally southward from the
mountgins that form the northern boundary of the basin., Upon reaching
the plain, the runoff of these streams sinks into the highly pervious
lave formations; and resppeers in the springs on the north side of
Snake River between Milner snd King Hill. Camas, Medicine Lodge, Birch,
and Fish Creeks, and Big and Little Lost Rivers are streams without a
surface connection with Snske River that contribute to ground water in
this way. = - ... - Lo :

The Big Wopd River is the wegternmost tributary emtering the plain
from the north. This stream, ‘and Iittle Wood River, lose portions of
their flows into the lave formation on the plain hefore becoming Lhe
Malad River which enters the Snake between Hagerman and Bliss.

Tributaries entering Snake River from the south, below Heise, -
drain the less-rugged mountains that separate the Snake River and Great
Salt Lake drainage basins. These tributaries include Willow Creek,
Blackfoot River, Rock Creek, Portneuf' River, Bannock Creek, Raft River,
Goose Creek, Rock Creek (Twin Falls County), Deep Creek, and Salmon
Falls Creek. Parb of the surface runcff of these streams disappesrs
underground near points of confluence with Snake River, most of it re-
appearing as spring flow and seepage along the south bank of the river.
Portions of the Snake River itself, below the point where it begins to
merge with the Snake Plain near Heise, is a losing stream contributing
to ground water. S ‘

LOCATION AND ACCESSIBILITY

The Snake Rivér Basin upstream from Bliss consists of the broad,
central Snake River Plain and the flanking mountain ranges. This plain,
having an ares of about 13,000 square miles, forms an arc averaging
nearly 60 miles in width extending from Bliss northeastward approxi-
mately to Ashtom, a distance of shout 200 miles. ’

Snake Plain Recharge Project area, in general, is well zerved by
conventiohal public transportation systems and & network of roads and
highways. There are individusl wasteland areas of large cxtent, how-
ever, where access is limlted; butall the areas with an artificial re-
charge potentlal have fairly easy access,

‘GEOLOGY AND PHYSTOGRAPHY

The surface of thé Snake River Plain slopes southwestward from an
altitude of more than 6000 feet north of Ashton, to about 3200 feet
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near Bliss. The plain is underlain by s thick sequence of basaltic
lava flows and sedimentary interbsds. The land surface appears monotow
nously flat from a distant view, but closer observation reveals a
variety of land forms and a diversity of geologic features, Broad
swells and domes mark some cemters of volcanism; craters and cinders,
at places aligned along great rift zomes, mark cthers. Some of the
earlier lava flows are covered with & mantle of windblown sand and
silt, and in some depressions; sedimentary deposits accumulated in
Playas. The more recent flows are virtually bare, and ropy pahoehoe
lava forms flat table and ramplike surfaces exhending for hundreds of
yards. At other places, the rough, blocky lava forms an exceedingly
Jumbled and jagged mass. ILarge lava caves and tubes are found in a few
rlaces, and pressure ridges and collapsed lava tubes are common fea-
tures. One striking festure of the surface iof some lava flowe is the
great number of shellow depresgions commonly 5 to 10 feet in diameter
that dot the surface in som¢ aress, glving it the apparent texture from
a distance of & synthietiec sponge. The pressure ridges, collepsed tubces,
and depressions are sll greatly fractured, especially sround their
peripheries, and many of the fractures gape widely.

On the northwestern and southeastern flanks of the Snake River
Plain are a series of subpsarallel mountain ranges and intervening
valleys trending northwestward nearly at right angles to the plain.

The mountein ranges on the northwest flank of the plain rise to alti-
tudes of 11,000 to 12,000 feet; those on the southeast to altitudes of
7,000 to 10,000 feet. The rocks in the mountains are chiefly older s
consolidated rocks inc¢luding granite, quartzite » limestoue, shale,
sandstone, and gilicic and basaltic lava rocks. In general, these have
been folded and faulted into a geries of northwestward-trending ranges
with intervening structursl walleys. The surficial expression of thece
structures terminates abruptly at the margin of the Snake River Plain
which crosses them at approximately a right angle. The older rocks
were faulted and warped downward to form a basin in which the basalt
Tlows and associated sedimentary beds of the Snake River Plain accumu-
lated. The thickness of the £ill in this broad basin is not known. No
wells more than a mile or tws from the margin of the plain have pene-
trated deeply enough to reach the underiying bedrock.

The structural valleys between the mountain ranges flanking the
plain are broad, alluvial-filled basins werging with the Snake River
Plain at its margin. Many of these basins are as broad at their heads
as at the mouth; obviously, the streams did not cut the valleys. The
i1l in these valleys consists of alltuvial fan deposits, stream
alluvium, and lakebeds.

SETTLEMENT AND POPUTATION

The location and growth of population on the Snake River Plain
coincides with the locatlion -and rate of development of irrigated land.
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All communities, with a population of at least 4,000, within this
part of the Snake River Basin, are located on the banks of, or very
near, Snake River or.one of its tributaries. :

In 1960, the population of Snake River Basin above Bliss was
estimated to be 280,000, Of this mumber, about 273,000 people lived
in Idaho and 7,000 lived in Wyoming, Utah, and Nevada. About 48
percent of the total population is urben, and 52 percent is rural.
Cities with populations exceeding 2,500 are classified as urban.

The population of some of the larger cities in the area, for
the census years 1940, 1950, and 1960, with percentages of increase,
is shown on table 1. Urban population gain as related to increase in
irrigated acreages is demonstrated by the population'chenges of -
Blackfoot and Burley. . Since 1950, these two communities have in-
creased their ‘marketing and service areas to include large acreages
of newly irrigated lande sepved by ground water. Their rate of growth
is exceeded only by Idaho Falls, which also serves a substantial new
land ground-water acreage plus the Atomlc Energy Commission's National
Reactor Testing Center sbout 50 miles to the west.

The population of ‘counties within the area for census years 1940,
1950, and 1960 is shown on taeble 2. While the overall population trend
within the Snake River Basin has been up, the trend for several coun-
ties is down. " The effect of newly irrigated lands on county population
is clearly presented in this tgble. For example, Minidoka County had
& population reduction of 0.9 percent during the period 1940-1956, and
an increase of 47.1 percent during the period 1950~1960. During the
1950's, more than 120,000 acres of desert land were irrigated by devel-~ .
opment of Bureau of Reclamation's North Side Pumping Divicilon, Minidoka
Project, and by privete development.

Table l;--Population of cities east of Bliss - Snake River Basin

I

Percentage of

11,851 : 17,600 : 20,126 : 48.5

City : 1940 : 1950 : 1960 Increase

R S IR : 1940~1950 : 1950-1960

i number ¢ number : number :  percent :  percent
Rexburg $O3.M37 ¢ b,253 @ b,767 i 23.7 : 0 12.1
Tdsho Falls : 15,02k ¢ 19,218 » 33,161 : 27.9 72,6
Blackfoot : 3,681 : 5,180 : 7,378 : ho.7 : ba.k
Pocatello : 18,133 : 26,131 : 28,534 : Lh.1 : 9.2
Burley : 5,329 :+ 5,9k : 7,508 : 11.2 : 26.7
Twin Falls : 2 : Lk
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Teble 2.--Population by counties éast of Bliss -~ Snake River Basin

: ‘ : : H : Percentage of
State and County : 1940 1/ : 1950 1/ : 1960 1/ : - Increase
: ] : : 1 1940-1950 : 1050-1960
! number : number : number : percent : percent
Tdaho : : H : :
Bannock : 34,759 ¢ La,7h5 @ 49,3k2 :  20.1 18.2
Bingham : 21,0k : 23,271 : 28,218 : 10.6 : - 21.3
Blaine : 5,295 : 5,384 : L4 598 : 1.7 : -1k.6
Bonneville : 25,607 : 30,210 : 46,906 : 17.6 :  55.3
Butte 1,877+ 2,722 ¢ 3,408 : 45,0 : 28.5
Camas 1,360 ¢ 1,079 : OL7 : =20.7 : -15.0
Caribou : 2,284 : 5,576 ¢ 5,976 ¢ 1ih,1 : 7.2
Cassia : 1k,430 ¢ 14,629 : 16,121 : 1.k i 0.2
Clark ¢ 1,005 : 918 : 915 : 8.7 ¢ =0.3
Custer : 3,549 : 3,318 : 2,096 : 6.5 T -9.7
Fremont : 10,304 : 9,351 : B,679 : 9.2 : 7.2
Gooding i9,257 ¢+ 11,101 ¢ 9,544 9.9 : =lk.0
Jefferson : 10,762 : 10,495 : 11,672 : 2.5 : 1.2
Jerome i 9,90 ¢ 12,080 : 11,712 ¢+ 22.0 :  -3.1
Lincoln P 4,230 : 4,256 3,686 : 0.6 : =13.4
Madison : 9,186 : 9,156 : 9,417 : 0.3 : 2.9
Minidoka : 9,870 ¢ 9,785 : 14,394 : 0.9 471
Power 03,965 ¢ 3,988 1 k111 0.6 : 3.1
Teton : 3,601 : 3,204 : 2,639 : -11.0 : -17.6
Twin Falls : 36,403 ¢ 40,979 ¢ L1,8k2 : 12,6 : 2.1
Subtotal 2 218,778 : 243,247 : 277,183 ¢  11.2 : 1k.0
Wyoming : '

Lincoln : 10,286 : 9,023 : 9,018 : -12.3 : -0.1

Y3

Teton i 2,543 ; 2,593 :+ 3,062 : 2.0 : 18.1
Subtotal  : 12,829 : 11,616 : 12,080 : -9.5 1 k.0

.

TOTAL : 231,607 254,863 : 289,263 10.0 : 13.5

- .
. -

l/ Estimated population outside of basin, Caribou 60 percent » Custer
54 percent » in Idaho; Lincoln County, Wycming 52 percent. These
adjustments make the 1960 population in the Snake Basin sbove King
Hill 280,000 (rounded).
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~ SCOPE OF INVESTIGATION

Results of this eppraisal of the overall proposition of artifi-
cial recharge are of a very general, undetalled, and reconnaissance
nature. It is not possible to arrive at specific projections, in
localized areas, of the effects of large-scale artificial recharge
over many years. The underground water resource and related uses oce-
cur in an area of over 13,000 square miles, where multimillions of
acre-feet of water are carried each year in natural or men-made chan-
hels and through a number of aquifers. These aguifers are intercon-
nected with each other, and to a degree, with the water courses on the
ground surface. Water movement through the area is subject to an ever-
changing, complicated and expanding pattern of consumptive and noncon-
sumptive water uses.

The ground-water resources of the Snake River Plain have been under
almost continual investigation and nse for the past 50 years. A modern,
overall appraisal was made of this resource by the Ground Water Branch -
of the Geological Survey, in connection with & joint Bureau of Reclama-
tion-Corps of Engineers Upper Snake River Basin investigation completed
and reported on as part of Volume III, Part 2, in 1961. Within the
Sneke Plain, as a whole, several thousand wells have been drilled by
DPrivate initiative in recent years. A number of test and cbservation
wells were drilled as a part of the basin study t¢ provide factual data
at key locations. Infiltration tests including-some augering and dia-
mond drilling were conducted for this reconnaissance. Basic streamflow
datae in the form of long-term records ere availeble at all of Lhe key
points of inflow and diversion from the Snake River and its tributaries.

Although projections on the effect of ground-water recharge cannot
be made precisely in localized situations, results and determinations
presented in this reconnaissance grade study are founded on a broad
base of factual data. In assessing a ground-water situation, there must
always be a degree of speculation in arriving at results. Nevertheless,
the general findings of this investigation are founded on appreciation
of proven analytical Processes, observations, and recorded information.

Practical recharge possibilities from a Physical and engineering
viewpoint were identified, and usable surplus water was related to these
possibilities. More thorough anslysic wac then made of several loca-
tions selected because of their favorable characteristics. The possi-
bilities analyzed are for diverting surplus water from Henrys Fork and
Snake River and delivering it to the St. Anthony, Tdsho Falle, and Idsho -
Falls-Blackfoot Gravel Pit Recharge areas. Field infiltration rate
tests were made in the St. Anthony and Idaho Falls area, since there
were no data avallsble on the rates at which water would move from the
swface to the regional water table.. Engineering plans and estimates
at recomnaissance grade standards were prepared, and the cost of
delivering recharged water to the individual areas was estimated. For
the most part, existing topographic and gecologic data were utilized in
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estimating the costs involved. A .field inspection was made of each
of the principal diversion routes to determine rights-of-way, reloca-
tions, and any specific structure requirements. Other identified
possibilities were described, but were not studied in detail, since
they did not offer suff:.cient promlse to warrant the study.

Ccordinated mrdrolog:l.c studies of the Upper Snake River Basin
were availsble from eoncurrent and earlier specific project and basin-
wide investigations. ‘From these studies, amounts of water with no
identified requlrement and hence useful for recharge were estimated
at each location. Utillzing the factual data and analytical results
determined by the ‘feological Survey, as applied to volumes of recharged
water, benefits to existing and future irrigation and power were esti-
mated. Data availsble from econcmic studies of other projects in Upper
Snake Basin were spplied in determining irrigation benefits. No new
land-quality investigations were made specifically for the recharge
study, but the general character of lands in the Upper Snake River
Basin is well known from many separate studies. Areas now irrigated
by ground and surface water -were developed by updating the Upper Snake
River Basin results with inférmation from field observation, publie
utilities, and the Department ‘of" Agriculture. The Corps of Engineers
provided estma.tes relating 1o the flood-control aspec"cs of proaect.

PREV IOU& INVESTIGATIONS

Over the past 50 years IE considerable information has been gathered
on the characteristics of the water resources, present uses of water,
and geology in the project area: Topographic coverage of portions of
the Snake River Plain is available, end therc arc completed goll surveys
and other technical appraisals for certain localities. Elevations have
been extended to many wells in the area under a cooperative program

“with the State of Idaho and the U. S. Geological Survey. Results of

test and observation well drilllng are avallable at key locations in
the plain. o

All previous investigations of the Snake River Plain were inven-
toried and reanalyzed as a part of the Bureau of Reclamation-Corps of
Engineers Upper Snake River Basin study conducted 1955 through 1960.
The resulls of the various. investigations, ineluding a discussion of
the Snake Plain: Recharge Proaect were - a.ncorporated in Volume I of the
Upper. Snake River Basin “Summary Report,” which was completed in 1961.
The U. 8. Geological Survey documented the ground-woter date in the
Snake River Plaln ag a part of the basin investigation. This ground-
water report, printed as Volume IIT, Part 2, of the Upper Snake River
Basin Report, is entitled, Coordinstion and Reports of Cooperatin
Agencies - U, S. Geclnglcal vey -~ Ground Water Branch.







PROBLEMS AND NEEDS OF THE AREA

The weter in Sna.ke River Basin east of Bliss i1s now used to a
great degree, and the combination of present and future water-use
requirements for all purposes,. urigatlon, fish and wildlife, recrea-
tion, munic:.gal, industrial s 8nd pover will place even heav:.er dema.nds
on the supply.

In the recent Burea.u of Reclama.t:.on-Corps of Engineers Basin
evalustion, future irrigation pétemtial requirements in the Snake
River Basin &bove Bliss totaled some 580,000 acres of new land and
860,000 acres of land requiring a supplemental water supply:; This
pcrbentla.l irrigatlan draft on ‘the water supply represents a diversion

requirement of same 2,750 2000 acre«-feet- and a depletion of 1, 160 s000

acre-feet., However > there. appea.rs to be a sufficient water supply in
the Upper Snake River Basin for all present and future needs, provided
excess runoff from periods of high flows is retained for use during
the seasons and. years when water is not otherwise available.

- Many complex water~supply consideratn.ons ere fundamentsl to any
further substantial expansion of irrigetion in Upper Snake Basin. Use
of surplus ground and surface Wa.ters will have to be flexibly coordi-
nated, - pa.rt:t.cularly in dry years. It is in this companion use of
ground and surface supplies that. artif:.c:Lal recherge has its most
important long-range. application. In years of abundant runoff, excess
surface water would be artificially introduced underground to augment
and stabilize ground-water supplies. In dry years, when surface sup-
plies are inadeguate for existing and future uses, ground water would
be pumped and used to ~supplement the weter supply. In order for the
ground water to be an effective dry-yesr water supply for new uses,
some exchange. between the ground wa.ter and existing surface supplies
would be involved. .

IRRIGATION

There are about 2,365,000 acres of land irrigated in the Snake
River Basin above Bliss. Of this total, approximately 1,750,000
acres are irrigated by surface water. In dry years, or in years of
less than normal runoff; a substantial percentage of this acreage
suffers from water shortage. Over a 2l-year period (1919-1042), the
accumulated total shortage of irrigation water above Milner is esti-
mated to be at least 3,400,000 acre-feet.

S:mce na.tura.l flows of Snake R:Lver and its tributaries are fully
appropriated during the low-flow periods in mid-supmer in every year,
and since the entlre flow of the river above Milner is appropriated
through use of exlsting reservoirs in years when there is less than
normal runoff, there is a need for a new source of water to supplement
the present surfgce supplies and to help overcome present shortages.
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It is estimated that increased inflow to Snake River above
Milner resulting from artificial recharge would mrovide supplemental
water, decreasing the annual irrigation shortages by perhaps 30,000
acre-feet over a 30-year period of study. Under future conditions
of development above Milner, the annual decrease in irrigation short-
ages resulting from recharge as studied in this report would be some
16,000 acre-feet over the same period of study.

An estimated 615,000 acres of land are presently being irrigated
by ground water in the Snake River Basin above Bliss, utilizing about
2,000,000 acre-feet of water each year, In addition, 10,000 to 50,000
acres of new land, on the average, are being brought under irrigation
by ground water pumping in this area esch year., This continued ground-
water development in the plain presumably will continue until most of
the suitable lands within economic limits from ground water are irri-
ga.‘l‘.ed .

The rate of decline in the water table of the Snake Plain
aquifer has been, and probvably will continue to be relatively low
because of the large amount of water in storage and the high co-
efficient of transmissibility. Nevertheless, this decline will con-
tinue in proportion to increases in withdrawals, and any additional
recharge to ground water, such as the diversion of surplus flows from
Henrys Fork and Snake River, would have a beneficial compensating

effect on expanding withdrawals of ground water for irrigation and
mniecipal use.

The U. S. Geological Survey recently conducted & study in which
the probable rate of water table drawdown associated with the with-
drawal of large quantities of ground water from five places on the
Snake River Plain was computed. These computetions were made for the
purpose of judging drawdown in areas where ground water might be
developed as a new water supply, mostly for use in dry years as an
exchange of replacement basis. These studies give general indications
of the effect on drawdown that might be experienced from continued
cxpansion of ground-water development that i1s now taking place on Snake
River Flain. Primary study conditions were: (1) 50 wells spaced at |
intervels of 1,000 feet along a line about 10 miles long; (2) each well
pumped at a rete of 2,250 gallons per minute (about 5 c.f.s.); (3)
the wells pumped 122 days and at the same time each year; (4) none of
the water returning to the aquifer within the pumped sarea.

The computed theoretical drawdown along the line of wells for
the area studied is:

R 2/64
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Drawdown in Wells Drawdown in Wells
: . &t End of First at End of 50
Area : Pumping Season Pumping Seasons
 (feet) {feet)

Wendell - 6 to 10 7 to 11
Shoshone-Dietrich and Eden 7 to 11 10 4o 13
Idaho Falls. : 3§ to h—%— 7to 8
Market Lake-Plano 3 to U 5to 6

These drawdmms are for the a.quifer imvediately adjacent to the wells;
drawdowns in the wells would be greater by the amount of well loss,
which generally averages about one foot. Doubling the withdrawel in an
area would also double the average drawdown.

: These factors, combined with realization that surface-storage
sites are becoming more scarce and costly, emphasize the desirability
of utilizing surplus seasonal and floodflows by diverting them into
infiltration areas to recharge the Snake Plain aquifer.

FLOOD CONTIROL

In past years, floodflows on Teton River, lower Henrys Fork, and
Sneke River have demaged irrigated farmlands, rural residences, roads,
highways, bridges, irrigatiom and drainage works, cammunity rcsidences
and businesses, and other improvements, as well as being a threat. to
life. In addition, floods involve costs for flood fighting, evacuation,
end relief.

The dlversion of floodflows from Henrys Fork and Snake River to
infiltration areas would provide a measure of flood control by reducing
peak flows in the amount of the diversion.

POWER

‘Power demand in the Upper Snake River Basin is expanding for many
reasone, including irrigation pumping, populstion increases, increased
per cap:.ta. power consumptn.on, and industrial expansions. Any 51gn:|.f1-
cant expansion of J.rr:.gatlon in Snake Bagin will require pumping to
develop and deliver a water supply to the points of use. Pumping
directly fram ground water, pumping to raise water to lands above the
source of water that will be gravity irrigated, and lifting ground
water for exchange and replacement purposes are all involved.

The Federal Power Commission estimates that, on the average,
power demands will increase by 1,761,000 kilowatts by 1980 in the
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general area of the Snake River Basin. Average annuael energy require=-
ments are expected to increase by an estimated 11,283,000,000 kilowatt-
hours during the same period. These future power loads are based on
requirements of southern and eastern Idaho, & part of eastern Oregon,
and a small area in western Wyoming. :

Power needs of the region are now almost entirely met from the
output of hydroelectric plants. Installed generating capacity on
Snake and Malad Rivers between and including the American Falls and
Oxbow Plants of the Idaho Power Company total about 909,445 kilowatts.
Capacity in this latter group, including those on Maled River, total
307,880 kilowatts.

The ground-water outflow from the aquifer of Snake River Plain
is of great importance to power production in this reach of river.
It constitutes almost the entire water source during low flow periods
for the plants between and including C. J. Strike and Twin lkalls. The
low streamflows, seasonally, and in dry years, coincide with peak
irrigation power demands. Hence, any recharge action to meintein or
augment outflow from the springs, particulerly in dry years and during
the latter portion of the irrigation season, correspondingly improves
power production in & number of plants. Some part of this improve-
ment could be expected at & time when present and future irrigation
pumping power needs are greatest.

REGIONAL AND LOCAL INTEREST

Over the past several years, local groups and persons have shown
much interest in and support for artificially recharging ground water
in the Snake River Plain. Such interest was evident at a Public Hear-
ing held by the Corps of Engineers at Idaho Falls, Idaho in 1955.
Ground-water irrigators in thée Mud Lake region have exprecesed a firm
interest in using surplus Snake River flows for recharge. In the
public hearings held in Idaho Falls, Idaho, on December T, 1960, on
the Upper Snake River Basin "Preliminary Summary Report," Chamber of
Commerce groups, other community organizations, and interested water
users indicated continued support for studies on the Snake Plain Re-
charge Project. Since that time, there have been further indications
of local and regional interest in such & development.

1l
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WATER

Land and water are considered the most important natural resources
in the Snake River Basin, and with present storage facilities this
water supply is elmost completely utilized in periods of low runoff .
Irrigation and other water shortages occur during these periods, -and
any substantial increased water utilization will depend upon further
storage development, either surface impoundment or underground, to more
fully utilize that portion of this resource that now passes Milner Dam
unused in years of average or above average runoff. )

Irrigation in the Basin above Bliss contributes substantially to
the Basin economy. It has been practiced since about 1880, and has
continued as the stabilizing influence in the area. Some 2.4 million
acres are now irrigated in the Basin above Bliss, and thousands of
acres of potentially irrigable dry lands would benefit from irrigation

if the available water could be stored for use during the irrigation

season. |
Lands presently irrigated and potentially irrigable dry lands in
the Basin above Bllss are summarized in table 3. '

Table 3,'_;814mérz of irrigated and potentially_"
irrigable lends in Snake Basin above Bliss

Snake Plain Recharge Project, Idaho

Item ) Land Area

(acres)

ss #s s e

Irrigated Lends

Surface irrigation : ; 1,750,000
Gromiieter pURRE TR
Potentially Irrigable Dry Lands 580,000 1/

TOTAL o 2,945,000

y An available water supply, either surface or ground water, was

associated with these lands in the 1961 Upper Snake River Basin
Report. ‘ )
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DEVELOPMENT FOR SURFACE WATER USES

. At King Hlll 3 Idaho, the Snake River Basin has a surface drain-
age of 35,800 square miles. Drawing No. 932-0A-125-22 illustrates
streamflow quantities at key measuring points in the basin. Snake
River, which flows along the south mergin of Snake River Plain, is
the trunk stream in the basin. Tts flow is maintained by perennial
streams from the north; east, and south, and ground-water inflows.

Since about 1879, when simple structures first diverted water .
from tributaries of Snake River onto the Snake River Plain, the Snake
Basin above Bliss has become a.nla'.gricultura.l production area of some
2,365,000 irrigated areas with national importance.

Following the usual pattern of irrigation development in the west,
those lands that could. be u:rigated by simple gravity diversion and
natural streamflow were brought into production first. With the demand
for more water during dry years and the desire to irrigate additional
la.nd, storage reservoirs were comstructed. An intricate system of
operation for the entlire Snake River Basin above Bliss has developed
as 8 result of the continuing process .of expansion and improvement in
water snd land use. The gravity-served irrigated lands sbove American
Falls were in production by 1900.: Below Americen Falls, where costly
diversion works and canals were required, large areas were brought
under irrigation between 1900 and 1920. Since 1920, the limited
storage of early years Has been substentially increased by additional
reservoirs, and there has been some extension of surface-water irri-
gation, mostly in the Michaud Flats and Minidoka Northside areas.

The extent and location of gravity-irrigated land in this area are
shown on the General Map.

Over the years, Snake River flow above King Hill has been con-
trolled by constructing storage facllltles. Those storage and
regulatory reservoirs having 8 ca.pa.c1ty of at least 5,000 acre-feet
above King Hill are:’

Reservoir C : ' Total Capacity
: ‘ ' ~ (acre-feet)
J&Ckson Lake oh'-n'icp'nvo’c‘00c|.o-i’o--uoa-touo- 8’4’7,000
P&lisades cno-tconvy'ogo_..icac‘na.p»uo‘aqrt‘san.-v_louoc l,’-l—Ol,éOO
Grassy LaKe .vieesseavreesssenseaansnrosssacannns 15,451
Henrys LaKe sesvesensssrncasssanaosisosocaarns 83,200
Is1land Park eovcecssssacnsioncosbocnansssccsons 127,600
Grays Lake e.ocesceciveassnssevsrrveassccnesos 100,000
BlacKfOOG=MArSh <eecssecoccrsanronascssnssosss 413,000
Portneuf-Marsh Valley . seesececesesseacassssses 23,695
-Amerlcan. Falls no-‘ﬁuo‘o-'-oi.‘.-oooo.uao-o-ouo.o 1,700_,000
‘Lake Walcott (normal operation) ....... PO 210,180
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Reservoir (continued) Total Capacity
. g : : (acre-feet)
Lower Goose Creek (Oakley) s.seoecsscsaccsancsens 74,350
Milner Lake P Y R L R T N N ) 80,000
Wilson LBKE veeessvssssssoonosssasassscsoccnssnss 18,500
Murtaugh Lake (Dry Creek) secececescsscssscnsancs 12,000
Mid LAKE +eevsecioasssorssasonsasaasnassssasanses 61,600
mck&y on-o-..o-------;'o-;ocn--'--n--ocvo-ococo'o- )-I-)-J-,LI-95
Ceda-r Creek oio-.;o'-op-.;n--uu--'ouo-.-p.o-qocoooo 26’000
Fish CLEEK seeesoacasasessarvaccsssssssncstnsssss 14,1
Tittle WOOAd cevesaiscorocrcsnscssnanssvdnasvvacne 30,000
Magic sreasEne it osasYNs AT ETORRERERROREID LB EILI LRSS 1.92,000
Salmon FAlls Creek seesssasssesevsssesssacscscsson 230,650
Twin 1aKkes ieereeenstssnscssvoasonssavscssecscanne 31.,2)1'0
Lower S81mMON sserastsrossasisasssnssssovnssvacnad 5,200

The Snake River and its tributaries abeve Bliss are also being
utilized for the production of power. Hydro powerplants with capac-
jties in excess of 5,000 kilowatts in this area are shown on the
General Map, and listed as follows:

Powerplant : Capacity
(Kilowatts)
BliSS L PN TP EEIPOIEEINPOERCEPRSIODSEOTILENEEINBNIEBEIORE S 75)000
Lower Malad esceestorcossscccsennacoosovesessccosns 13,500
Upper Malad eeeseetsosssssocceossoaraacssecscssns 7,200
LOWEr S8lIMOI eewosvovcenccsancsansasassncsasncsss 60,000
Upper Salmon, Nos. 1, 2, 3, and b ..aesvvevioeass 3h,500
Thousand SPrings .eeccecsessovsscssssssceaccsanss 8,000
Shoshone F&lls PP PSS OGELGR BOESEESIDIETRNIOAEDOOROGIQLESIDBOSDO FS 10,88()
Twin Falle «eveveo. e etetvreiresecesassnacsnnann . 13,500
Minidoka AeN oMU B RS IEERRRNAPRIRNSEdIERIBPOEELRPOESEEFLEOECEDES 3.3,1'[‘00
American FallS sssececscesasonsssssscsssassannnas 27,500
PAaliSadeS eecessssonssssoancsncacsecasnascarotcns 114,000
ABh‘ton tuoo’-tc-oo-t--.-noo.‘.-;-c-o--oootoouuﬁ-41A§ 5,800

In addition to irrigation and power production, the domestic
water supply for a population of 280,000 people 1s obtained from
surface flows or ground water in this area. Water needs for in-
dustrial uses such as mineral processing, the processing of agricul-
tural products, and requirements of the Nationel Reactor Testing
Station, plus a variety of light industries, is continually growing.

Functions such as fish and wildlife, recreation, and pollution
abatement also place requirements upon surface flows and ground water
in the area.
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Reservoir (continued) , Total Capacity
: - : (acre-feet)
Lower Goose Creek (0akley) s.coececcencsscasesans 74,350
MilnerL&ke oou_o-_cbnt-ono-o-ooo-cno.o---';c--o¢oo &),OOO
WILSOM LAKE +evecerenncsrsnnonnsananasssassansons 18,500
Murtaugh Lake (Dry Creek) .ceececccccsescassoscces 12,000
Mid LaKe +ecssesdsscsnscncaaceneasasssccnavernannres 61,600
Macka.y‘ l.'.l.‘l'llol.o‘.'otbntcl-.Cl...-ott-c.onl.ll J‘"‘h-,h'gs
Ced.a-r Creek oio-0;.'60n-o--oo.o-ot-.-c-9.00.0.4--. 26,000
FiGh CreeK «evceressssscsacvanesanesososcsrncanna 1h,k11
Little WOOQ seccessssescaracnsensvanrssscasnnansae 30,000
Nﬂgie GoevmsaBeisIs et se st ONEs TR RETEbitssssrsas 192,000
Salmon Falls Creek essscesesessonssaracscscassass 230,650
ij-n-LakeS P Y L R RN RN ] 31.,2]4'0
LO'wer SS.lmon ta-.u;b'».ocooqocccco‘-o-o-coooynoooo 5,200

The Snake River and its tributaries above Bliss are also being
utilized for the production of power. Hydro powerplants with capac-
ities in excess of 5,000 kilowatts in this area are shown on the
General Map, and listed as follows:

Powerplant : Capacity
(Kilowatts)
BLI1SS seavvescsssssrretscsecasssassannsonnsosscesnn 75,000
LOWEI‘ mlad B FAF AL BB OOV EE0OBOARNGOERGROENERSFEEIES 13’500
UpperMB.lad AV P8PV NAVEPCPOARROCOAIRTEIRIFOIOTD DL 7’200
LOWEr SOLIMOIL ecesossasscsnsanscanssnassossssassss 60,000
Upper Salmon, Nos. 1, 2, 3, and b ccvevevanecnons 34,500
Thousand SPrings .eescesssscscecssasssncsoscasccs 8,000
Shoshone FALLS eeeeoscossverisosssssssncassaassse 10,880
W>MS R L aeessmsaassaasce cessven 133500
MinidOka B AN+ H A EN B IO OEBRTR PR OTdDNBERUIPERITRERSTELEEY l3,LI-OO
Americm Fa.llS C P FSENCBOEIIVO IS S TIPSO EDE BRSPS 27,500
PaliSades scseccssceaccnnvanoacscasancosanransiosss 114,000
AShton tvicclo-‘oo---'--c-v.otoqe-.oooocub---vq-«-g‘ 5,800

In addition to irrigation and power production, the domestic
water supply for a population of 280,000 people is obtained [rom
surface flows or ground water in this area. Water needs for in-
dustriel uses such as mineral processing, the processing of agricul-
turel products, and requirements of the National Reactor Testing
Station, plus a variety of light industries, is continually growing.

Functions such as fish and wildlife, recreation, and pollution
abatement also place reguirements upon surface flows and ground water
in the area.
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Water

ares has teken place since 1950. Of the 135,000 acres irrigated by
ground. water in the Minidoke Northside area over 60,000 acres are
included in the Bureau of Reclamation's North Side Pumping Division,
Minidoka Project. The Raft River-Cakley Fan area is located south
of Snake River in the Raft River and lower (oose Creek Baesgins. This
area includes the lands irrigated by ground water south of Murtaugh
Lake.

The National Reactor Testing Station was established in mid-1949
on the desert between Arco and Idaho Falls by the Atomic Energy Com~
mission to bulld, test, and operate various types of nuclear equip=-
ment. The N.R.T.S. covers some 572,000 acres of sagebrus on
the Spake River Plain, in parts %%'ﬁEEEE3'Etﬁgﬁzﬁj'%gﬁig¥giigfd35d

efferson Countles. The total water requirements of this very large

and important activity are met by pumping from the aquifers of the
Snake River Plain.

WATER RESCURCES

The water available for diversion for the Snake Plain Recharge
Project is only that water which wastes past Milner Dam in excess of
the capacities of powerplants in this general reach of Snake River.
The Idaho Power Company rights at American Falls Reservoir and the
hydrenlic. capacities of the Minidoka and Twin Falls powerplants were
considered in determining divertible flows. Water passing Milner Dam
is used as an index of water excess to Upper Snake River Basin irriga=-
tion needs, since gains in the river below Milner are generally large
enough to satisfy all downstream irrigation requirements.

At times, water must be released past Milner Dem to satisfy
downstream power rights. In this study, water was not considered
divertible for recharge unless, in addition to satisfying all irri-
gation needs, both Minidoka and Twin Falls Powerplants Were operating
at their hydraulic capacities of 4,800 c.f.s. and 910 c.f.s.,
respectively. This would result in quite high plant factors at other
downstream plants above Brownlee, since these plants are sized more
or less to accommodate the increased flow in each incremental reach.
Exceptions are the peaking plants at Lower Salmon, Bliss, and C. J.
Strike, which cperate at relatively low plant factors under present
conditions.

From studies representative of present level of development,
waters passing Milner Dam during the 1928-57 period -were determined.
These annual flows and their component parts are illustrated on
Drawing No. 832-125-340.
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Surface Water Supply

Water divertible for recharge has been considered under con-
ditions of present development, present development with the addition
of Burns Creek and Teton Basin Project, and conditions with future
development.

_ Records of runoff used in this study have been taken from U. S.
Geological Survey Water Supply Papers and the Annual Water Distribution
end Hydrometric Work, District No. 36, Sneke River, Idaho. The Support-
ing Data for Palisades Dam, Snake River and Henrys Fork sections have
also been used to determine surplus waters under the present level of
development. Total volumes passing Milner were reduced by the amount

of flow required for maximum energy production at the Minidoke end

Twin Falls hydroelectric plants. The remainders, called Milner Spills,
Present Conditions, are shown on teble 5. Surplus waters are not
available during the July through December months. Tebles of spills

and divertible flows are therefore Limited to the January-June period.

The effect of the potential Teton Basin Project on the above
Milner Opills was based on the change in flow of the Henrys Fork near
Rexburg between present and project conditions. An additional adjust-
ment was made to include the effect of the possible Burns Creek
development. Milner Spills, Present Conditions, plus Teton Basin
Project and Burns Creek, are shown on table 6.

Supporting data for the Upper Snake River Basin joint Bureau of
Reclemation-Corps of Engineers 1961 Report were used to determine sur-
plus waters with future development. The future development possi-
bilities described in this report cover some 80 single- and multiple-
purpose projects involving L6 new reservoirs with & combined active
capacity of T,04L,000 acre-fect, and 20 new powerplants with a total
installed cepacity of 1,241,500 kilowatts. As under present develop-
ment, surplus volumeca werc modified to provide maximum generation at
Minidoke and Twin Falls plants. Milner Spills, Future Conditions,
are shown on table T.

- Quality of Water

The quality of the Snake River Plain aquifer waters for irriga-
tion was tested during 1947 and 1948 as a part of the investigations
for the North Side Pumping Division of the Minidoka Project. ALl tests
from nine wells which tapped the regional ground-waler aguifer indi-
cated the water as Class I irrigation water. The range of results is
shown in table 8., These underground waters have been used without
deleterious effect since then to develop over 60,000 acres of the
North Side Minidoka Pumping Division. About 420,000 acres of land
use the waters of the Snake Plain aquifer for irrigation through
ground -water pumping.

R 2/64 19
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Table 5.~--Milner Spillsl/— Present Conditions
Units: 1,000 acre-feet

Year | Jan. | Feb. : Mevch . April | lMay P June } Total

e foe e

1926 : : 106 : 199 : 885 : MBL : 7L : 1Tk

s 48 48

29+ .+ : L2 : 202 : 39 : . 633
9% : PO L 29
1931-38 - No Spill : ; i

e
1gk0-lk2 No Spill ; i

1943 : 1000 215 165 1380
194k 'i : i § i ‘ i ko : 1kg
1945 7 307 307
1946 : ; 89 : 29k ; 463 § 163 i 10 : 1019
Lok gl 239 i 238 o1 ougy
1948 51 299 311 . 2615 922
1949 453 359 . e
1950 : 706 : 156 190 1052
1951 62 363: 270 758 426 1879
oo o . : : . .

LE Y I Y )

583 : 376 : W7L : 569 : 47 : 1832
1953 : : D138 : 163 : L oah: 535
1954 123 504 627
1955 186 186
1956 ; ; L3 ; 272 ; 783 ; 375 ; 286 g 1759

79 ; 306 ; 1235

1957 : : : ¢ W50
16,600,000 scre-feet

Total Spills during 1928-57

Average Spill during 1928-57 = 553,000 acre-feet
1/ Water in excess of irrigation requirements above Milner end in
excess of Minidoka, Twin Falls and Shoshone Falls powerplant

20
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Teble 6.--Milner Spills with Burns Creek & Teton Basin Project
Units: 1,000 acre-feet

Year , Jan. . Feb. . March ; April . May ; June ; Total

.

anfae se
*0 Jod 40

. + -
3 . -

1928 : i : 181 : 90k : 367 32 : 1484
1929

LA 1)

159 ¢ 34 : : 572

e 00 eo
»

t 32

1930-k2 : ; No E Spill ; : ; ; _
Wy i PoesoMi 157 ¢ o1er: 13
oM fNo ¢ Spill : ;

ws 1oL 1o DL
1946 287 Lok 115 : 1126
1947 : : ; 15k . 230 : : 38%
1948 , : ; : 172 ; 255 ; 210 : 637

1949 - i s . b2 ;227 . 639
1950 H : + 589 12k 138 851
1951 364 : 279 6 361 : 1750

1952 : . 271 : 391 - . hsh i 1589
H : H : H H .

1953 : : : W6 : 169 : 169 : 384

105k : . 62 : L7B : : . 540

1955 : : : : 58 : ; ; 58
1956 : . : 195 : T2 : 317 : 28k : 1568

.
[

1957 D s 431 : k26 : 235 : 1092

Total Spill during 1928-57
Average Spill during 1928-57

13,800,000 acre-feet
460,000 acre-feet

1/ 100 deducted for refill of Burns Creek.
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Table T.--Milner Spills, 1/ Future Conditions
Units: 1,000 acre-feet

Year | Jan. ' Feb. ' March ' April ' May @ Jume @ Total

1928 ‘i : ; 39 : 821 2 186 2 i 1046
1929 ; ; - 3 ; 9 : 58 ; 10
1930-k2 i ; ; ~ No i Spill § : ;

1943 i ; ; ; 141 i ; ; AR
19kh i : : 102 : 75 i ; 177
1945 : : i ' Yo Spill : ; :

1946 ; : : 110 ; 481 ; 57 ; i 648
1947 : 2 § ; Lo5 ; ; ; 405
. Dees i 85 i i 30
1949 ; : i ¢ 179 § 69 i ; 248
1950 ; § ; ‘ ; 936 ; § i 936
1951 § i 208 i 263 : all ; 184 i i 1619
1952 ; § 2 L5 : 898 § 285 ; § 1230
1953-55 § : ; No ; Spill ; ;
1956 i ; 81 i ; 295 ; 132 § 61 i 569
st . v+ iupm ;o219 : 66 : T8

- . - . - a »
+ . . I3 » . L]

8,100,000 acre-feet
270,000 acre-feet

Total Spill during 1928-57
Average Spill during 1978.-57

L.

;/ Water in excess of irrigation requirements above Milner and in
excess of Minidoka, Twin Falls, and Shoshone Falls Powerplant
capacities.

R 2/64
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Table 8.--Water quality analysis

: Standards : ..
Limiting Fectors :for Class I: G¥ound . Snake River 2/
.  Water . water by : Heise s King Hill
H Less Than : ) :_M}_n.:m.:@a:_mn-:.ﬁ.ﬁ.:@.
Conductance 4 : e H
Kx10® at 25° C. : T50 : 320-580 : 290: 362: 610: L72: 511: 551
Boron. pep.m. © 0.3 10.02-0.12:0.03:0.05:0.09:0.02:0.06:0.12
Sodium percentage  : . 60 . 17-36 : 9: 11: 17: 23: 25: 28
Chlorides (E.P.P.M.) : 5.0 <0.42-1.25:0.16:0.28:1.02:0.59:0.68:0.73

y 1947-1948 tests on 9 wells for Unit B, North Side Pumping Division,
Minidoks Project. These wells tap the Snake Plain Agquifer.

g/ For 1956-57 water year, from Quelity of Surface Waters ror Irriga-
tion, Western United States, 1957, U. S. Geological Survey, Water
Supply Paper No. 1524, average values are weighted average.

Since 1651, the U. S. Cecological Survey has published data on the
"Qquality of Surface Waters for Irrigation, Western United States.” In-
cluded in table 8 are data from the 1957 Water Supply Pgper, No. 1524,
for the stations Snake River near Heise and at King Hill. These stations
are representative of the inflow and cutflow, respectively, of the Snake
Plain Aquifer. Comparison of the extremes for these stations shows the
averaging or leveling off effect of the aquifer. The weighted average
shows the increase in concentration of salts from the use and re-use of
water over and over again for irrigation. However, even the extremes
are within the limits established for Class 1 water. A large part of
this irrigetion weter percolates to lhe wabler table end recharges the
Snake Plain Aquifer. The proposed recharge system would dilute this
concentration of salts since only the high flows of the river would be
diverted. These high flowe have minimum smounts of salts due to dilution
and the small amount of reuse of large flows for irrigation.

WATER RIGHTS

Tt is proposed to divert for recharge only flows in excess of all
existing and future irrigation or storage requirements. However, a
permit from the Idaho State Reclamation Engineer would be required for
flood flow diversion at each location. These permits would need to
contain restrictions that would not allow the recharge use to preclude
future direct beneficial water use.
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WATER REQUIREMENTS

Evaporation

" From evaporation records at Aberdeen, Minidoka Dam and Palisades
Dam an evaporation-elevation relationship was established for eastern
Idsho. From this relationship, the monthly evsporation from the in-
filtration ponds was estimated. An evaporation pan was installed at
Teton, Idaho in April 1961 to obtain a better index for evaporation
from that area. Data obtained to dete from this pan tend to sub-
stantiate the estimating procedures described above. Annual evapora-
tion from the recharge pools was computed using the evaporation rates
for the local pan, adjusted by a pan coefficient of 0.7, and assuming
evaporation to continue for three months after diversions cease.
Table 9 shows annusl diversions, evaporation and net recharge at

Anthony for each of the 19 years when surplus flows were avail-
able. Total evaporation during the 19 yesrs smounts to sbout 2%
ercent of the sions. With much less terminal evaporation,
an 3 n one~half the surface area, total evaporation at Idaho
Falls is estimated to be one percent of total diversions.

Seepage

Seepage is not & problem in the recharge plan. Any canal losses
through seepage prior to reaching the recharge asreas will eventually
reach the Snake Plain aquifer. Such scepage could be beneficial in
the St. Anthony sarea where subirrigation is practiced, since recharge
diversions would be made primarily during the period when farmers are
"bringing up the sub" in the Egin Bench ares.

Sedimentation

Four series of sediment messurements were made on Henrys Fork
at St. Anthony in 1960. The results are summarized below.

Flow Suspended Solids
Date CeluBe PeD.M.
4/12/60 2,920 80
5/12/60 3,570 59
6/6/60 3,650 23
1/7/60 1,010 20

Using these data, and an annual diversion of 100,000 acre-feet, the
deposition of sediment in the St. Anthony infiltration fields was
computed as about 5 acre-feet per year. While no sedimentation data
are available on the main stem of Upper Snake River, the water is
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Table 9.~-Eveporation from St. Anthony Recharge Fields

: Diversion : : :  Total s Total
Year : Season ; lerminal y/ ; Total . piversion : Recharge
: Acre-Feet : Acre-Feet . Acre-Feet ., j 00 AF. : 1,000 A.F.

1928 : 2,241 : 2,520 : L,761 : 236 : 231
1929 : 1,322 : 2,55 : 3,676 : 108 : 10k

1930 : 560 2,2kl : 2,801 ; 15 : 12
1939 i 560 ; 2,2k _: 2,801 : 34 : 31
1943 : 2,241 § 2,520 :‘ L, 761 : 341 i 336
198 919+ 2,50 ¢ 3,439 i 8 : 81
1945 ; 919 ; 2,520 ; 3,439 ; 100 ; 97

1946 : 1,322 : 2,554 : 3,876 : 22k : 200
19h7 : 560 : 2,241 : 2,801 : 19 ; 16
1948 : 2,21 ; 2,520 : 4,761 : 236 ; 231
19k : 1,322 : 2,554 . 3,876 _§ 158 154
1950 i 2,241 ; 2,520 i b, 761 ; 193 188
1951 : 1,322 ; 2,554 : 3,876 ; 280 : 276

1952 : 2,240 ; 2,520 ; b, 761 : 356 : 351
1953 ; 560 : 2,241 ; 2,801 : 39 : 36
195k 560 : 2,241 2,801 : 28 25

1955 : 560 & 2,241

es s v we um

2,801 : ol : 21
1956 ¢ 2,24 2,520 : b,761 : 250 : 245

1957 : 2,241 : 2,520 ; W,76L : 206 : 201

_1_./ Terminal evaporation computed e.t full rate for two months following
diversions, and at 50% rete for third month.
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relatively clean and the concentration of dissolved solids would be
low, &5 are those of Henrys Fork at St. Anthony. Annual diversions
from Snake River at Great Western Headworks for recharge average
about 200,000 acre-feet and the annual sediment load is estimated to
be about 10 acre-feet per year.,

WATER UTILIZATTON

Cperational Criteris

Henrys Fork at St. Anthony

Henrys Fork at St. Anthony is the most upstream diversion point
under consideration for the Snake Plain Recharge Project. As such,
it would most directly affect the northerly flowlines which discharge
into Snake River in Hagerman Valley (see Figure A). It is estimated
that of the water diverted at St. Anthony, 65 percent would return
in Hagerman Valley with most of the remainder returning as inflow to
Americen Falls Reservoir., Thus, diversions at St. Anthony would be
most beneficial in terms of long-range holdover storage, and this

site was given first priority in determining availability of flows
for divergion.

Divertible flows at St. Anthony were determined for three levels
of development: Present, present plus Rurns Creek and Teton Rasin
Project, and future development, as defined in Upper Sneske River
Bagin Report. From an anslysis of canal capacity versus total di-
vertible volume, 2,000 cubic feet per gecond was selected as the opti-
mum canal capacity to the St. Anthony infiltration fields. With &
canal capacity of 2,000 cubic feet per second, the divertible flows
at St. Anthony under each of the three levels of development described
above are shown on tables 10, 11, and 12, respectively. These flows
are in excess of present and anticipated use of water, including the
lesser of 1,000 c.f.s. or naturel flow as requested by the Bureau of
Sport Fisheries and Wildlife for fish preservation. Annual diversions
for recharge at St. Anthony during the 1928-5T7 period under present,
present plus Burns Creek and Teton Project, and future levels of
development would average 100,000, 83, OOO and 58,000 acre-feet.,
respectively.

Snake River near Idaho Falls

The recharge area at St. Anthony was given first priority to
surplus flows in the river. Consequently, flows divertible at Idaho
TFalls are depleted by the flows divertible at St. Anthony wnder cor-
responding levels of development. Only those flows surplus to all
existing and anticipated use of water are assumed divertible.

R 2/64
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l Table 10.--Diversions at St. Anthony fer recharge with 2,000
c,f.5, canal L/ - Present conditions
. Units: 1,000 acre-feet
Year ' Jan. ‘ Feb.: Mafch April May June Total
., 1928 : 33 ; 4o : T : 123 ; 31 ; 236
l 1929 .30 T8 108
19% L 15 P
| wns L G we lemi 1
1939 : : :o3h : "
| imoe | we lmmi 1 1
. 1943 119 123 99 341
oM ;g 8l
l 1§h5 ' , 100 100
1946 27 36 9 62 224
i w20 eiwi lnlow
' 1948 29 25 123 59 236
1949 35 123 158
' :L950 b7 65 81 193
1951 . 28 33 35 _— 123 280
. 1952 36 30 38 82 123 e 356
I w5 pop teiwmi 1w
_ 1955 : :o2 i 26 s : . 28 {
I 1955 o - ’
1956 P13 i 28 : 49 : o123 ¢ 37: 2% \
l 1957 : L 123 79 206
Total Divertinle c;.uring 3'.928~57 éerioa - 3,ooo;ooo p————
l Average Divertible during 1928-57 " = 100,000 acre=-feet
1/ With 1,000 c.f.s. for Fish.
]
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Table 1l.--Divertible at St. Anthony with 2000 c.f.s. Canal;/
and Burns Creek and Teton Basin Project
Units: 1,000 acre-feet

Year Jan. | Feb. ! Mavch ; April My : June | Total
1928 ; ; D38 . 6 1 123 D oo i 188
1929 : : ; 30 ; 2 75 ; ; 105
1930-42 ; 2 No i Spillsi ; i :

1943 : : : ; 119 ; 123 ; 100 ; k2
1944 ; : No i Spills: ; : i

9hs P 4
1946 37 102 66 205
1. S S T S
1948 , . 27 i 123 : 63: 213
19kg ; i ; ; 28 ; 123 i i 151
1950 : ; i : 45 . 62 i 87 ; 194
1951 32 33 62 123 250
1952 ; § 28 : 36 ; 8h i 123 ; 9 ; 280
1953 ; ; : 23 : 20 : ; ; 43
1954 : : ; 3 § 25 ; ; ; 28
1955 _— %
1956 28 52 123 u6 249
1957 : 3 i : 6 § 123 ; 80 : 209

Total divertible during 1928-57 period
Average 11 ) n 11

2,500,000 acre-feet
83,000 acre-feet

1/ With 1,000 c.f.s. for Fish.
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Table 12.--Divertible at St. Anthony with 2000 c.f.5. Canall/
’ Future Conditions

Units: 1,000 acre-feet

Year . Jan. . Feb. . March S April | May | June . Totel
1928 : i ; 38 : 6 : 123 : fﬂi. 67
Wy i P R
1g30k2 1+ 4+ To i Spills: P
ws o+ P 19 ;119
19k4alis ': : : No : Spills:v : :

1946 37 102 57 196
1047 P15 s
1948 27 85 112
e 2 4 P28 b9+ i ot
195 L b5 ks

1951 - . 3 : 33 : 62 i 123 . . 250

12+ i 2 i 36 i 8 ; 123 : ;2
T A N
o5 e
IS R A
1956 36 52 ;123 ;b6 i o257
1957 ; : 6 : 123 66? 195
H 1 M ! H H 2
Total divertible during 1928-57 period = 1,750,000 acre-feet
" " " " = 58,000 acre-feet

Average
1/ With 1,000 c.f.s. for Fish Release.

R 2/6L
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For this reconnsissance anslysis, it was decided to enlarge the
Great Western Headworks and Cansl. A cansl capacity of 2,500 c.f.5.
was selected, limited more by infiltration field capacity and canal=-
gize economics than by water supply. Based on the average diversions
by Great Western water users, the canal capacity avallable for recharge
diversions would be 2,400 c.f.s. during January through April; 2,100
¢.fe8. in May; and 1,900 c.f.s. in June. Assuming a 2,000 c.f.s. canal
diverting at St. Anthony, flows divertible for recharge at Idaho Falls
under present, present plus Teton Project and Burns Creek, and future
levels of development are shown on tables 13, 14, and 15, respectively.
Annual diversions during the 1928-57 period would average 200,000,
165,000, and 80,000 acre-feet respectively, under each of the three
conditions. '

The proposed inlet capacities to the 13 gravel pits in the Idaho
Falls-Blackfoot area total aboutigﬁl;;gg;g_fsex_pgx_ggggnﬂ4 These
gravel pit recharge arees would be served, for the most part, by
existing canals. After considering water requirements of the water
users on these canals, it is estimated that annual diversions to the
grevel pit ereas during the 1928-57 period would average 15,000 acre-
feet with present development, and about 10,000 acre-feet with future
development. ‘ —

Other Possible Sources of Recharge

Water would be divertible from Big and Little Wood Rivers only
three percent of the time without reducing power production at Idaho
Power Company's Upper and Lower Malad Powerplants. No further investi-
gation was made of this recharge source.

With no diversions upstream from Milner for recharge, an average
of about 70,000 acre-feet could be delivered to-infiltration fields
through the existing Milner.Gooding Canal. Becguse this area could
not be evaluated strictly from the standpoint of contributing water Go
the main aquifer of the Snake Plain, no detailed analysis of recharge
via Milner-Gooding Cenal is included in this reconnaissance report.

Estimates of annual gquantity of water that would be available for
diversions to recharge areas are summarized in table 16.
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l 'fable 13.-«Diversions at Idaho Falls for Recharge with
2,50 c.f.s. Canale/, Present conditions
l Units: 1,000 acre-feet
l Year Jan. :Feb. Mch April _ May June , To‘ta,lh
1928 s 73: 168 : 143 : 129 : Lo : 533
. 1929  : P os o3+ o129 L3
| 1930 Dow Y
l 1931-b2 : ; : : :
i W i &+ i3 ;o9 : 66: 301
o p i ;i 65: 65
l 95 : : f ;113 : 113
1946 . 62§ 148 143 101 0 46k
. 191+7 9 148 143 300
. 1948 : 22 143 129 : 113 : 407
1949 ‘ 143 129 a72
. 195 T T TS T
1951 : 3b : 133 : 148 : 143 : 129 : ;587
i s Loso oumiowe i ows i i i w8
. 1953 : : . 116 : 143 . 113 : 3
1954 ;o121 W3 : ;o84
I 1955 ' : 143 143
1956 : : 30 : 148 : 143 : 120 : 113 : 563
l 1957 - : : s 143 : 129 : 113 : 385
l Total divertible during 1928-57 pericd = 6 ,000,000 acre-feet
Average " " " " = 200,000 acre-feet
1/ With 2,000 c.f.s. Canal Diverting at St. Anthony. The 2,500 c.f.s.
. Canel is at the Headworks of the Great Western Canal and 2,400 c:f.s.
7 Assumed Usable Jan.-April, 2,100 c.f.s. in May and 1,900 c.f.s. in
, June. 2 '
i
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Table l4.--Divertible at Idaho Falls with 2,500 ¢.fes. Canald/
W ] ns e on S 0 JeC

Units: 1,000 scre-feet

Year | Jen. ; Feb. | March | April | May | June : Total
1928 S ;’ ? 143 ;' 143 ; 129 ; 11 ; 426
1929 % E g 2 g 143 g 129 % % a7k
1930-k2 5 ; ‘g No g Spillsg g %

1943 E % % % 143 E 34 E 27 5 204
194k4wk5 ~ ‘ No Spills; -
66 ;i i o8 s W3 ko . 1 3
1947 : i : 148 ; 143 ) ; ; 291
19h8 i : : : 143 ; 129 : 113 ; 385
e B T
1950 ; : A ; : 143 : 62 ; 51 ; 256
1951 133 148 143 129 553
1952 : : 138 : 148 i 143 : 129 ; : 558
1953 : 5 ; 23 § 143 f ; 113 : 279
1954 ; ; : 59 ? 143 i : 5 202
1955 ; : : : 32 : : ; 32
1956 : ; f 148 § 143 : 129 ; 113 - 533
1957 : ; : ; 143 ; 129 ; 113 : 385
Total d:.vez:’ci'ble é.uring .'L928-S7 £)eriod = 5 OOO;OOO a.c:;'e-feet
Average " " = 165,000 acre-feet

1/ With 2,000 c¢.f.s. Canal Dlverting at St. Anthony. The 2,500
c.f.s. is at the Headworks of the Great Western Canal a.nd 2,400

ce.f.8. Assumed Usable Ja.n.-AprJ.l, 2,100 c.f.s. in May, and l,900
cofes. in June.
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Table 15.--Divertible at Idaho Falls with 2,500 c.f.s, Canal l/
Future Conditions

Units: 1,000 acre-feet

Year © Jan. | Feb. ' Merch ® April | Mey | June | Total
1928 L1l w3 e i
1929 : | 9 : 9
1930-h2 : . No : Spills: : :

1943 22 22
194k 102 75 7
ok 8 s ; ; P

1946 T3 143 . 216
Wt s TR Pl s
e I DL w3
ok : : : . 13 : P13
1950 : : T : P1h3
1951 : 133 : 148 : 143 : 61 : . 485
1952 i i : 9 i 143 ': 129 . : 281
195355 : : : : ;

1956 P L3 i 9 1 15 ¢ 212
1957 a3 : 96 ;239

" 2,400,000 acre-feet

Total divertible during 1928-5T period
" " " 80,000 acre~feet

Aversge "

0o

}/ With 2,000 c.f.s. Canal at St., Anthony and Usable Canal Capac-
ity of 2,400 ¢.f.s. Jen.-April, 2,100 c¢.f.s. May, and 1,900
¢.f.s. June, based on Irrigation Requirements of Great Western
Canal,
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Table 16,--Sumary of estimated annusl diversions available
for recharge

Snake Plain Recharge Project, Idaho

Conditicon of Development
Present :Present Plus Burns: Future

Recharge Area

: condition : Creek and Teton ¢ Conditions
: {acre-feet) : (acre-feet) : (acre-feet)
St, Anthony Area : 100,000  : 83,000 ¢ 58,000
Idaho Falls Ares : 200,000 : 165,000 : 80,000
Idaho Falls-Blackfoot : : : ;
Area, : 15,000 : 13,000 H 10,000
TOTAL ¢ 315,000 g 261,000 :  1h8,000
. etk [t . TR

e

In the above analysis, water was assumed available for recharge
diversion only when it was physically passing the recharge diversion
point in excess of local use requirements and, as indieated by previous
operational studies, water was spilling past Milner Dam. In these

1 operational studies, no attempt was mede to distribute spills, through
‘use of inflow forecasts, more or less uniformly over a period of sev~
eral months. Consequently, spills ere often concentrated in one or

two months in these studies. The effect of this procedure on flows
divertible at Ot. Anthony would be minor in most years, since divertible
flows are often limited by excess flows passing the site, At the Great
Western heading, however, it 1s estimated that average armual divertible
flows could be increased by 50 percent, or from 200,000 acre-feet to
300,000 acre-feet, through early season diversions as dictated by inflow
forecasts.

R 2/6h4

3k




PLAN OF DEVELOPMENT

The most suitable and effective recharge sites on the Snake River
Plain, determined from this reconnaissance grade investigation, are:
(1) The St. Anthony Recharge area, where surplus flows of Henrys Fork
could be diverted into the sand and lave area west of St. Anthony;

(2) the Idaho Falls Recharge area, where surplus Snake River flows
could be diverted to an infiltration area in the lavas west of Idaho
Falls; and (3) the Idaho Falls-Blackfoot Gravel Pit Recharge area,
where surplus Snake River flows might be diverted into existing gravel
pits near the river from Idaho Falls to Blackfoot. Development plans
and cost estimates have been prepared for these three rechsrge possi-
bilities.

Other recharge possibilities investigsted to a lesser degree in
this study are: (1) The Milner-Gooding Recharge area, where surplus
Sneke River flows might be carried in the Milner-Gooding Canal to pond-
ing areas that would be located north of BEden and east of Jerome; (2)
Big Wood River Hecharge area, where surplus flows of the Big Wood River
could be diverted into infiltration ereas in the lavas downstream from
Magic Reservoir; and (3) Little Wood River Recharge area, where surplus
Little Wood River flows could be diverted into the lavas lying south
of Carey and northeast of Richfield. These latter recharge possi-
bilities involve lesser amounts of water not frequently available. Al-
though they should be included in any catalog of recharge possibilities,
it does not appear that the circumstances warrant preparation of plans
and estimates for recharge facilities.

SITE SELECTION

Artiriclsal recharge would cover the widest area and offer the
greatest benefit to present and future water use, both underground and
surface, if introduced in the northeast or upper portion of Snake Plain.
The general direction of movement of ground water in the plein is from
northeast to southwest. Figure A, "Contours of the Water Table and Flow
Net of the Sneke Plain Aquifer,” shows the ground-water boundaries,
estimated underground flows, and altitude of the groond water in the
plain.

The largest areas of existing ground-water pumping are located
north and west of Snake River between St. Anthony and American Falls
and north of Rupert in and around the Minidoks North Side Pumping
Project. Most of the undeveloped arable lands suscepbible to ground-
water pumping also lie in these general areas.

In the Henrys Fork Basin, the farthest upstream ares suitable for
ponding lies between the community of Plano and the St. Anthony sand
dunes. With the exception of presently irrigated lands in Henrys Fork
Valley, this extensive area is a sand and basalt outcrop wasteland. The
areca can be readily reached by gravity diversions frem Henrys Fork, and
because of its geographic position, geclogic snd topographic character,
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low econamic value, and nearness to a major surface-water source, the
St. Anthony Recharge ares i1g one of considerable recharge potential.
Recharge water in this ares would contribute to stabilization of
ground-water levels in the Mud Lake region. However, the flowlines
from this area pass north of points of major use farther down the
plain to emerge in the Thousand Springs area. Miuch of the basalt in
this recharge area is covered by a blanket of windblown sand and silt
that partially clogs the openings in the basalt and would reduce in-
filtration capacity. At this seme time, this blanket acts as a natural
filter, removing sediments and other undesirable matter from the water
before it reaches the regional ground water. It is believed that this
area, with water spreading, is well adapted for use as a recharge area.

An investigation of diversion possibilities in the Idaho Falls
area was made from the confluence of Henrys Fork and Snake River down-
stream to a point a few miles below Idaho Falls. One possibllity con-
sidered was the diversion of surplus flows below the confluence of the
two streams near Menan Butbes at an elevation of about 4800 feet. Di-
version at this point would require & cansl sbout 60 miles long trav-
ersing presently cultivated lands most of the way. This canal would -
discharge into the lave fields southwest of Idsho Falls. Another pos-
s8ibility examined was & diversion nearer Roberts, Idaho., This canal
would traverse the area just slightly sbove the existing Great Western
Canal alignment, would be located in & Gifficult terrain for construc-
tion purposes, and would discharge into the lava fields southwest of
Idaho Falls. The main contours through this area are shown on Drawing
No. 932-125-18. Diversions below Idaho Fellc could be made, but sites
in the lavas available for ponding are scattered and limited. Most of
the lands to be crossed hefore reaching exposed lavas are irrigated,
thus adding rights~of-way complicstions.

It was concluded from the investigation of dlversion possibilities
imrediately below the mouth of Henrys Fork that the most favorable di-
version at the highest elevation of Snake River would be at & point on
Snake River sbout 9 miles upstream from Idaho Falls. A 2,500 cubic
foot per second canal would extend from the point of diversion to an
area sbout 8 mlles southwest of Idaho Falls, where the flow would enmter
ponding areas located in the lavas. The infiltration ares is mostly
raw, broken basalts. However, there are seversl areas covered with
fine, wind-deposited sediments thot occur oo depressions syrrounded or
bordered by the interrelsted baselt flows. These depressions form the
sites for ponding areas.

FACILITIES

St. Anthony Recharge Ares,

The St. Anthony Recharge area is in Fremont and Madison Counties,
Idaho, near the town of St. Anthony at the eastern boundary of the
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Snake River Pla:.n. Water for recharge would be diverted from Henrys
Fork. ‘

Facilities of the St. Anthony Recharge ares include St. Anthony
Headworks and Recha.rge Canal, Fgin Lekes Enlargement, and four other
ponding areas. The 2,000 cubic foot per second capacity Recharge
Canal would head in Henrys Fork about three miles upstream from
St. Anthony and would carry surplus flows to serve ponding areas.
Facilities and their locations sre shown on Drawing No. 932-125-19.

St. Anthonﬁ_r Hea&worl;_g and Recharge Canal

The headworks structure of the St. Anthony Recharge Canal would
be adjacent to an- existlng diversion structure across Henrys Fork.
This existing st.ructure now diverts flows to the Farmers Friend Canal
on the south bank of the river and to the St. Anthony Canal on the
north bank. Also, it is considered adequate for diversions to the
Recharge Canal. Control of flows at the headworks structure would be
by motor—operated radial gates. A fish-screen structure with rotary-
type screens would be in the Recharge Canal ebout 150 feet downstream
from the headworks structure. Fish would be conveyed back to Henrys
Fork from the fish-screen structure through a bypass pipe with outlet
in the river below the diversion structure. Design of the headworks

_and fish-screen strucbures are shown on Drawing No. 932-D-1.

The Fish and Wildlife Service recommends that fish-passage facil-
ities be provided on hoth ends of the existing diversion structure,
and concrete fish ledders have been included in the cost estimate to
provide for such passage.

From the headworks structure, the 2,000 cubic foot. per second
Recharge Canal would run westerly to the existing Egin Lakes and from
there southwesterly to the first of the ponding areas. The canal
would cross @ small amount Of presently irrigated land, but is gen-
erally located in nonirrigated pasture or wasteland. Major structures
include county road bridges, concrete control drops, and concrete pipe
siphone for croesing oxisting irrigation waterways.

Design and construction of the Recharge Canal would recognize its
unconventional purpose. Crossings of draws that extend away from
farmland into unused wasteland could be made by a single dike allowing
water to spread into the draws. Where the canal is cut through rock,
excavation methods should be adopted to produce a maximum amount of
shattering of the canal base and sides. By these and perhaps other
techniques, the maximum conveyance loss can be achieved. This would
keep ponding areas at the end of the canal to a minmimum and aid Egin
Bench farmers in producing desired subirrigation water levels in the
spring.
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Plan of Development

BEein Ie:k_es Enlargement

The existing Egin Lakes consist of three small ponding areas
lying along the sand dunes west of St. Anthony. They were formed when
local irrigators constructed low dikes to create ponds to raise the
ground-water levels for subirrigation. A larger and longer dike would
be constructed along the south and west boundaries of the existing
lake area. This new dike would have a maximm height of about 16 feet
and would be approximstely 8,400 feet long. It would form one large
lake having a capacity of about 2,200 acre-feet. Some of the water
brought into this lake by the Recharge Capal would pass from the lake
to the lower reach of the Recharge Canal by means of a concrete over-
flow spillway located at the western end of the dike. This larger
Egin lake would serve the subirrigation functions of the existing lakes
and would add surplus Henrys Fork water into the regional ground water
as artifiecial recharge. About 328 acres of dry pasture land sbove the
rresent pond levels would be needed for the enlprged Zgin ILokes.

Ponding Areas

Natural desert terrain, about 10 miles west of St. Anthony, is
composed of lavas overlain with sand in depths varying from a few
inches to several féet. The St. Anthony Recharge Canal would dis-
charge into ponding areas located in this area. For the purposes of
this investigation, four ponds with a total capacity of over 40,000
acre-feet have been included in the plan for development. These ponds
arc located in depressions in the Lerrain, and would be formed by con-
structing small earth dikes and interconnecting chamnels as required.
The general ground slope is to the west , and there is an almost un-
limited wasteland area with numerous depressions in the general vicin-
ity. Operating experience probably will be needed to define the exact
ponding area and capacity.

Pond No. 1 would have a capacity of about 1,350 amcre-feet and a
surface area of approximately 295 acres. The pond would be Formed by
two dikes having a total length of about 950 feet. The maximum height
of these dikes would be about 10 feet, with an average height of about
5 feet. Pond No. 2, located southwest of Pond No. 1, would have &
capacity of about 6,300 acre-feet » With a surface area of approximately
670 ecrce. One dike, about 2,600 feel loug with a meximum height orf
approximately 1l feet, would be required to form this ponding area.
Pond No. 3, located south of No. 2, would have a capacity of 3 ,200
acre~-feet and a surface area of U430 acres. This pond would be formed
by constructing a 1,700-foot dike, with a maximum height of 6 feet,
along the eastern edge of the pond. Pond No. 4 would be comnected to
the northern edge of Pond No. 2 by & 6,500-foot channel and would con-
sist of a serles of natural depressions in what appears from fragmentary
data to be a wide westward sloping topographic trough extending west 10
or 12 miles toward Hamer. Topographic coverage for this area is not
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available, but a visual inspection hags been made and gpot elevations
extended to & few wells in the general ares. It is estimated that a
capacity of 30,000 to 40,000 acre-feet is readily available without -
construction of dikes or channels or threatening any presently culti-
vated lands.

Recharge Testing

The U. S. Geological Survey maintains water-level studies and
has the logs of wells drilled in southeastern Idaho. From their
studies and information, it appears that the intermediate soil layers
in the general ares of the St. Anthony Recharge site are large lenses
of varying thickness that interfinger with the lava flows. The seep-
age rates through the scil layers are lower than the seepage rate
through the basalt.

Test Well No. TH-38E-23DBD1, located west of St. Anthony near the
southern edge of Pond No. 2, was drilled in 1958. The log for this
well is as follows: Send, 5 feet; basalt, 35 feet; silty sand with
some gravel, 120 feet; basalt, 66 feet; and clay and silt in the
bottom. The basalt layers are fractured, Jointed, and highly perme-
able. The ground-water level was sbout 4O feet below the ground sur-
face vhen the well was drilled. When tested, this 16-inch diameter
well produced about 1,300 gallons per minute for 17 hours, with a
drawdown of 2% feet, The U. S. Geological Survey maintained s record
of the depth of the water in Test Well No. TN-38E~23BD1 from its com~
pletion in 1958 until the infiltration tests in 1961. Fluctuations
of the water level were only a few feet during that time.

In 1961, a 30-day rccharge test was conducted adJjacent to this
well by pumping 2,500 gallons per minute continuously into a ponding
area having a capacity of about 260 acre-feet. With a total amount
of about 300 acre-feet being pumped during the test, the pond never
reached a total volume exceeding 100 acre-feet.

In 1961, small observation wells were drilled adjacent to Fgin
lakes to observe the slope of the mound of infiltrating water. The
surface area of the larger lekes was obtained at two different inter-
vals by photogrammetric methods. During the period when surplus flows
werc being diverted to the lakes, the quantities of water were
measured.

During the recharge testing in 1961, in cooperation with the U. S.
Geological Survey, infiltration tests Were run on samples of the soil
mantle from auger holes near Egin Iskes and Auger holes in the ponding
area near Test Well No. 7N-38E-23BD1. Permeability ratee werc found
to be almost identical for the two areas. From the 1961 recharge
testing at both Egin Lakes and Well No. TN-38E-23BD1l, it was deter-
mined that the seepage rates for the St. Anthony ponding area would run
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in the order of 0.3 acre-foobt per acre per day. The seepage rates of
the basalt layers would be several times this order, and it is known
that portions of the ponding aress are bare, broken lava with no soil
mantle. Assuming an average seepage rate of about C.5 acre-feet per
acre per day for the 8,00C acres in the proposed St. Anthony ponding
areas, including the enlarged Egin lakes, a total of about 4,000
acre-feet per day of water could infiltrate into the grouwnd-water
teble. The proposed diversion of 2,000 cubic feet per second, or
sbout 4,000 acre-feet per day » could be contained within the ponding
area studied.

In the 1961 U. 8. Geologicel Survey report on recharge testing,
a method of drainage well comstruction is advanced. It would be par-
ticularly applicabie in instances where two highly permeable basalt
layers exist that are separated by sediment layers of low permeabil-
ity. This method proposed to drill through soil and the upper per-
meable layers and into the lower permesble layer. This hole would be
tightly cased in the soil and the sedimentary interbed and capped and
sealed at the ground surface. The upper permeable layer would be
open, or the casing would be perforated through a portion of the
layer, probably just above the sedimentary interbed. In this fashion,
the upper permeable layer could be drained into the lower permesble
layer afber a clarifying filtretion through the ground surface and a
bortion of the upper permeavle layer. It is estimated that a 20-inch
hole with a 10-foot head could drain as much as 10 cubic feet per
second of filtered water into the highly permeabls basalts that con-
tain and move the rogiomal ground waber.

Idelo Falls Rachsrge Aves

The Idaho Falis Recharge ares lies aloag Snake River west of
Idaho Falls in Jefferson, Bonveville, aad Binghem Counties, Idaho.

Facilities included in the plan of development for the Idaho
Falls Recharge arsa are shown on Drewing No. 932-125-18.

3

Great Western Headworks and Cansi Brlargement

The existing Great Wesborn Canel diverts from the Snake River
about one-third mile upstress Trom 2 smeil dam buils to divert water
to the Idaho Canal. From its polnt of diversion, the Great Western
Canal runs southwesterly to sbout 6 miles northeast of Rlackfoot,
serving a large area lying on the west side of Snake River. This
existing canal has a capacity of about 700 cubic feet per second at
the point of diversion. The first 10.9 miles of this canal would be
enlarged to a capacity of 2,50C cubic feet per second to carry
recharge water.
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A new headworks structure would be constructed at the point of
diversion. This structure would be located along the existing canal
alignment & few feet downstream from the existing headworks. Diver-
sion control would be with radial gates. A fish-screen structure
with rotary screens and a bypass conduit to carry fish back into the
Snake River would be constructed about 200 feet downstream from the
headworks structure. Details of the headworks and fish-screen struc-
tures are shown on Drawing No. 932-100-1. The Fish and Wildlife
Service recommends that Tish passage facilities be constructed over
the existing diversion dam. Concrete fish ladders over both ends of
the dam have bheen provided for in the cost estimate.

' Enlargement of the existing Great Western Canal would consist of
deepening and widening on the uphill side of the canal. Turnouts to
all existing laterals are provided for, as are checks to maintain the
existing water surface where required. The enlarged canal would have
o rolled éarth lining through the portion runping in lava (3.8 miles).
The purposé of this lining is to gssure that water losses in the
enlsrged canal would not bhe greater than are now occurring and that
local seeped areas or drainage problems would not be created or agegra-
vated by the canal enlargement.

Idaho Fa;ls Recharge Canal

This 2,500 cubic foot per second canal would be constructed
from a point on the Great Western Canal near Oakland Valley south-
westerly for approximetely T miles to an area of rough, exposed
basalt. This canal would have a base width of about 60 feet and, at
full capacity, would have a depth of approximately 11 feet. Iining
is not included for this campl. Major structures include a concrete
siphon 1,500 feet long across Oakland Valley and bridges at county
road and highway crossings. Much of the arca traversed by this canal
is under irrigation from privately developed wells, and acquisition
of right-of-way through these lands would be required.

Ponding Area

The Recharge Cangl would discharge into an area consisting
largely of rough, exposed basalt southwest of Idaho Falls. These
basults are very broken and irregular with deep fissures and little,
if any, soil cover. Natural depressions in this area would be uti-
lized for ponding, as necessary. Construction to develop these
ponding areas vould be minor, consisting of & fow small dikes and
channels cut through thé lavas t6 carry water from one depression to
ancther. Recharge ponds thus formed in the particular lava area
would have a combined capacity of about 10,000 acre-feet.

b1
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Recharge Testing

Test Well No. 1N-36E-L1CCLl was drilled in 1958 to a depth of 218
feet in the lavas southeast of the ponding sites. This well was used
in 1961 as a source of water for two recharge tests. The leg for this
test well shows the following thicknesses of strate from top to bottom:
basalt, 36 feet; sandy silt, 16 feet; clay, silt, and sand, 20 feet;
basalt, 22 feet; sandy silt, 8 feet; and basalt, 92 feet. All of the
basalt layers are fractured, jointed, and highly permeable. The
ground-water level was approximately 145 feet below the ground surface
when the well was drilled. When this 16-inch diameter well was tested
it yielded sbout 2,000 gallons per minute for 9 hours with a drawdown
of 1% feet. For the recharge test in 1961, about 2,500 gallons per
minute were pumped from this well for 30 days to a small depression in
the lavas adjacent to the well. All of the pumped water immediately
disappeared into the fissures of the lavas, and no ponding occurred,
About 350 acre-feel were thus discharged lnto the lavas. Several
small diameter holes were drilled at varying distances from the point
vhere the test water entered the lavas. Water-level observations in
these holes established the slope of the mound of water developed by
the test. Detailed results of the tests are contained in the attached
report of the Geological Survey.

Firm quantitative conclusions cannot be drawn from the Geological
Survey test. Indications are that the maximum possible permeability
coefficient of the upper basalt is on the order of 87,000 gallons per
day per square foot. The rate of seepage through the silt is not
clearly established but the maximum possible is 0.8 foot per square
foot per day and the actual rate was probsbly considerably less.,
Laboratory permeability tests on lhese sills gave maxlmum permeablllty
rates of 0.27 foot per square foot per day and averaged about 0.1 foot
per square foot per day.

Thus, while large quantities of water can be added to the Snake
River aquifer by recharging through the basalts, silt layers above the
water table inhibit downward movement of the water. The degree of
adverse influence of these layers depends upon their thickness, atti-
tude, extent, and local permeability. Generally, the silts interfinger
with the basalts and vary considerably in extent and thickness from
Pplace to place. Scanty evidence indicates that the silts found in the
area of the recharge well may not be present in the area of the pro-
posed recharge ponds,

The practical area for artificial recharge in the jagged, bare
basalts west of Idaho Falls is about 900 acres, and this amount of
ponding ares has been adopted for this analysis and report. Almost all
of this acreage is covered with brcken basalts on the surface that
would readily accept the recharge water contemplated for delivery. The
critical factor is the extent of any fine-grained sediments intermedi-
ate between the surface lavas and the regional ground water.

)
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The evidence 1o date concerning the Idaho Falls area shows the
ares to have promising physical characteristics for artificial re-
charge, provided extensive underlying sediments are not present be-
neath the ponding areas gbove the regional ground-water level. The
log of the test well a few miles southeast shows underlying sediments,
while an irrigetion well about the same distance northwest shows no
underlying sediments. Conseguently, a final physical suitability
determination must be based on thorough explorations beyond the scope
of this report.

Idaho Fallg-Blackfoot Gravel Pit Recharge Ares

Recharge in the srea along Snske River between Idsho Falls and
Blackfoot would utilize surplus floodflows by diversion to existing
gravel pits. These gravel pits are contributory to the regiomal
ground water as evidenced by the fact that some pits lmmedistely ad-
Jacent to the river are dry, even though their bottom elevations are as
nmuch as 5 feet below the river water surface. The exact slope of the
ground water infiltrating from the riverbed has not been definitely
determined, but it is estimated by the U, S. Geological Survey that the
slope is fairly steep and away from the riverbed. Most of the river in
this reach is perched as much as 50 feet above the regional water
table. In general, it is a losing stream. Well logs on both sides of
the river show deposits of gravel to depths of 50 to 100 feet below the
strearibed. Basalt ridges are scatiered throughout the length of the
streanbed.

A1l aveilable hydrologic, geologic, and ground-wster evidence
points to the conclusion that ground waber in bhis ares 1s coubributing
inflow to American Falls Reservoir. Surplus floodflows diverted to
these gravel pits would relate directly to American Falls Reservoir
inflows from ground water. In addition, this diversion would contrib-
ute to ground-water supplies for the considerable amount of pumping
being done west of Snake River between Idaho Falls and American Falls.

No tests were performed to determine the rate of seepage from the
gravel pit areas. However, literature on recharge pits such as the one
tested in Peoria, Illinois, indicates scme rates running as high as 200
acre~feet per day per acre recharging into a gravel strata, and as low
as 1.5 acre-feet per day per acre when the filter was badly silted. A
recharge water-clarifying medium is not suggested for the gravel pit
recharge operction in this area, nor does yearly cleaning of the pits
appear practical. Most of the pits are located on the bench gbove the
river and thelr bottoms are probably more than 50 feet above the water
table. An average seepage rate of sbout 2 acre-feet per day per acre,
about one-half that used in the Idaho Falls Recharge area, should be a
conservative estimate for the gravel pits., This figure, applied to the
280 gg;al acreage of the pits, would infiltrate a total of 560 acre-feet
per .
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Thirteen gravel pits are included in this study with a total ca-
pacity of about 2,900 acre-feet. Four of these pits, with a total
capacity of about 450 acre-feet, lie east of Snake River and vary in
distance from the river from 1} miles to immediately adjacent. The
nine other pits lie west of Snake River at distances from the river
ranging from 4% miles to 0.1 mile. Existing canals in the area pass
close to all of the pits and could be utilized. A total of about 6
miles of canal, ranging in capacity from 2 to 25 cubic feet per
second, is the only facility required for diversion to the gravel
pits.

The relative locations of these gravel pits are shown on Drawing
No. 932-125-18.

Other Recharge Areg Possibilities

There are several potential areas for recharge to Snake Plain
ground water other than the three sites presented. Three such areas
are the Milner-Gooding Recharge area, the Big Wood River Recharge
area, and the Little Wood River Recharge area. A detailed study of
these areas was not undertaken, but a general description of each has

been included as a matter of information on recharge possibilities in
the area studied. '

Milner-Gooding Recharge Ares,

The Milner-Gooding Canal diverts from the Snake River at Milner
Dam, runs southwesterly past Shoshone, and ends just north of Gooding.
The firot 30 miles of this canal has a capacity of about 1,300 cubic
feet per second. This reach of the canal runs through a large waste~
land area that is mostly lava overlain with a shallow mantle of soil.
During the construction of this canal, numerous turnout ctructurcs
were included. Many of these turnouts are seldom utilized at the
present time. By constructing dikes in depressions that exist in the
area, ponding areas would be created that could be filled with Snake
River surplus flows during the nonirrigation season or when the full
capacity of the canal was not required, The ground-water supply in
the Jercme-Wendell area would be recharged by these ponding areas.

Water studies indicate that with no diversions upstream from
Milner for recharge, an average of about 70,000 acre-feet could be
delivered to infiltretion Ffields through the existing Milner-Gooding
Canal. However, these infiltration fields are too close to a posi~
tive boundary of the Snake Plain aquifer to accemplish appreciable
increases in the long-term holdover storage in the main aquifer.

Ll
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Big Wood River Rechargfe_ Ares,

Downstream from Magic Reservoir and north of Shoshone, there is
a large wasteland ares mainly underlain with lava where surplus Big
Wood River waters could be released to recharge the ground water in
this area. Facilities required for this recharge area probably would
include a diversion structure on the Big Wood River, canals to trans-
port the water into the lavas and wastelands, and dikes to form ponds
where the water would dissipate into the underlying ground water. A
detailed study of facilities to transport surplus waters to points of
dispersal in this area was not developed in this recomnaissance, be-
cause water studies show that water would be divertible from the Big
Wood River only 3 percent of the time without reducing power produc-
tion at Idaho Power Cempany's Upper and lower Malad Powerplants.

Little Wood »River Recharge Ares

Downstream from the confluence of Silver Creek and Little Wood
River, there is a large lava and wasteland ares where surplus ILittle
Wood River flows could be divertced for recharge of the ground water
in the area. Facilities to effect this diversion would consist of
diversion structures, canals, and dikes to form ponding areas. A
detailed plan of development for the Iittle Wood River Recharge area
was not underteken, because water studles show that water would be
divertible from the Little Wood River only 3 percent of the time with-
out reducing power production at Idaho Power Company's Upper and Lower
Malad Powerplants.

PROJECT COSTS

The costs of the proposed development would consist of the con-
gstruction costs and the annusl coste of operation and mointenance.

Construction Cost

Estimated construction costs for the facilitles for which a
specific analysis was made amount to $4,640,000 for the St. Anthony
Recharge area, $8,380,000 for the Idaho Falls Recharge area, and
$130,000 for the Idaho Falls-BlackPoot Gravel Pit Recharge ares,’
making a total of $13,150,000 at April 1961 price levels if all areas

are conbined.

The total estimate includes $430,000 at the St. Anthony Recharge
area and $625,000 at the Idaho Falls Recherge ares for the mitigation
and preservation of the existing fishery. The Official Estimate, Form
PF-1, following page 46, gives these costs by features.
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Amnual Costs

Annual costs include expenses for annual operation and mainte-
nance. All replacements are included in normal maintenance for all
property items. It has been presumed that operation and maintenance
of the three areas would be carried out under the existing operating
office serving constructed storage and other project works 4in the
Upper Snake Basin.

Anmual costs of operation and maintenance are:
St. Anthony Recharge 8IE€8 eesesssccssesscns $ 7,500 1/
Tdsho Falls Recharge ares .eeessesessesssss 12,500 1/

Idaho Falls~Blackfoot Gravel Pit
Recharge 8I'ed ssscevessecesssasscssanscos

1,000
Total [(EXENNEEN NN NE NN N NENENENENEERJEJ;E;E}N] 21’000

_J_./ Tncludes $500 for fish and wildlife facilities.
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PROJECT FUNCTIONS AND

ACCOMPLISHMENTS

Recharge of the Snake Plain aquifer would favorably affect the
water supply of almost all of the potentially irrigable lands in the
Snake River Basin above Bliss. In addition, it would benefit in
varying degree the lands now irrigated from the ground water of the
Snake Plain aquifer and surface-water irrigated lands in this area.
Artif1c1al recharge also would serve as a measure of flood control
by putting water from peak flows underground, materlally contribute
to power production by reducing peak flows and augmenting ground-water
discharge into Spake River, and be beneficial to municipal and indus-
trial supplies downgradlent from points of recharge.

TRRICATTON

There are approximately 2,365,000 acres of irrigated land in
Snake River Basin above Bliss. Of this total, about 615,000 acres
are irrigated from ground water pumping and 1,750,000 from surface
water. About 860,000 acres of this land would require a supplemental
water supply. In addition, there are an estimated 580,000 acres of
potentially 1rr1gable dry lend that need a full water supply.

‘Recharge would increase the flows of springs above Milner that
are contributory to Onake River. These addlitlonal inflows to Snake
River, within limitations of available storage during the period of
inereased flows and the requirement for additional water, could be
used as supplemental irrigation water for lands thet are irrigated
from the Snake River above Bliss. In addition, water pumped from the
aquifer into Snake River above Milner Dam, or into a distribution
systein at any point, could be used through system operation as sup-
plemental irrigation water for practically all of the presently
irrigated land above Bliss. The stabilizing effect of recharge on the
water table in the areas where such exchange pumping might develop
would represent a benetit.

Within the area underlain by the Snake Plain aquifer proper,
there arc about 920,000 acres of presently irrigaled land, of which
420,000 acres are irrigated with ground water and 500, 000 acres with
surface water. Many operators supplement their surface supply with
ground water. Tprrigators who pump all or part of their water from
wells would realize & reduction in pumping costs by virtue of the
reduced pump 1ift that would be associated with recharge. This would
also be true for the estimated 250,000 acres of arable land that are
expected to be developed in the near future. At the present time,
these lands are being brought under irrigation at the rate of from
20,000 to 25,000 acres a year. As these lands are developed they
would benefit by reduced pump 1lift.

b7




Project Functions and Accomplishments

In the Upper Smake River Basin study, completed in 1961, more
than 275,000 acres of arable land were identified that could be
irrigeted by msking a coordinated use of idle components of ground
water and surface water. Development of a source of water to supple-
ment the inadequate supply now available for a number of these major
areas is closely assoclated with the recharge plan. The most prom-
ising source of new water in dry years for the Salmon Falls Project,
for example, is the unuséd ground water in the Snake River Plain.
Ground water could be delivered to the Snake River system (above
Milner) to replace surface water diverted from Snake River to the
Salmon Falls area. . The cost of pumping thils water, which is a major
factor in determining the econcmic feasibility of such a project,
would be reduced by any reduction in pump 1if't that would accompa.ny
the recharge plan.:

In the nontributary valleys north of the Snake River Plain, addi-
blonwl withdrawals of surfeace or ground water Lo supplement lhe waler
supply for presently irrigated lands, or to irrigate new lands, would
reduce the amount of natural recharge to the Snake Plain aquifer. This
reduction of natural recharge could be partially offset by artificial
recharge. = There are about 120,000 acres of irrigated land needing
supplemental water, most of which is in the Big Lost River Valley, and
about 500,000 acres of arsble land in all the nontributary areas ex-
cluding Mud Lake, the development of which would affect the Snake
Plain aquifer in this manner.

Development. of new lands and supplying supplemental water to
presently irrigated lands in the Snake River Basin above Bliss through
ground-water pumping, exchange of water, and system operation are
largely dependent upon utilizing the Snake Plain aguifer as a source
of water. Recharge of this aquifer with surplus surface flows is a
logical extension of the employment of unused water resources.

Benefits from recharge of the Snake Plain aquifer associated
with irrigetion from both ground- and surface-water sources, flcod
control, and power are directly influenced by the direction, rate of .

‘movement, and elevation of ground water. A general summary of expected

effects of artificial recharge follows to relate physical responses
from recharge and estimated amount of monetary benefits.

The effect of irrigation percolation on ground-water levels has
been observed in water wells. Initially, the percolating water forms
a steep-sided mound in the waber table. The weight of the additional
water causes the base of the mound to spread laterally in all direc-
tions so that in time the water table rise is widespread; but the
amount of rise is progressivel,y less with increasing distance from the
source.




Project Functions and Accomplishments

Since the ever widening rise in water table is due more to
pressure transfer than water movement the mound spreads laterally
faster than the water moves. Application of water from Aberdeen-
Springfield Canal is reflected almost immediately in nearby wells
but the time lag between application of water and rising water
levels becomes progressively greater as distance from the source
increases. It requires about 80 days for the effect of recharge
from the Aberdeen-Springfield Canal to be reflected in wells at
Atomic City, 22 miles away. Isotope tracers indicate that physical
movement of water here is about 10 to 50 feet per day.

Surface water diverted from Henrys Fork to an infiltration
field west of St. Anthony would percolate downward and form a mound
in the water table. This mound would spread in all directions but
with decreasing effect as distance from the recharge area increased
as shown in Figure B. The recharge cone would not be completely
symmetrical; 1t would be distorted by variations in permesbility of
the aquifer, impermeable barriers or boundaries, and by the initial
slope of the water table. '

The Snake Plain aquifer discharges into Snake River via springs
at American Falls Reservoir and springs in the Hagerman Valley, as
indicated on Figure A. Through study of the effect of the flow net,
it is estimated that of the water reaching the ground~-water agquifer
from the St. Anthony infiltration fields, 35 percent would return as
inflow to American Falls Reservoir, with the remaining 65 percent
returning to Snske River in Hagerman Valley. Of the water diverted
for recharge near Idaho Falls, 65 percent would return to American
Falls Reservoir, and 35 percent would return in Hagermen Valley. Of
the water dlverted for recharge in the Gravel Pit area, 70 percent
would return as inflow to American Falls and the remainder would
return to Snake River in Hagerman Valley.

PROJECT BENEFITS

Irrigation Benefits

The annual irrigation benefit for the Snake Plain Recharge Proj-
ect has been estimated at $270,000. This irrigation benefit has been
limited to the benefit associated with an additional supplemental water
supply for presently irrigated lands above Milner of $253,000, and
suving 1n irrigation pumping power charges for lands irrigated by
ground-water wells of $l7,000. Irrigation benefits associated with
ground-water exchange pumping during dry periods for presently irri-
gated and new-land development, and the stabilization of ground-water
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Project Functions and Accomplishments

levels that could lead to somewhat earlier development of arable
lands would be small in monetary values and have not been analyzed.

Jrrigation Benefits from Supplemental Water

Most of the present irrigators above Milner depend upon diver-
sions from the Snake River and its tributaries for an irrigation
water supply. Water-supply studies for Palisades Project Report,
dated June 1949, indicated a total irrigation water shortage of about
3,400,000 acre-feet with Palisades Reservoir in operation in the 24-
year study period 1919 through 1942. This shortage would have occurred
during the dry period in the 1930's. This study did not include water
shortages for lands irrigated from the Henrys Fork.

Since this water study was made, land-use changes have occurred
which would increase the water requirement. Iands within the irri-
gation districts have beepn leveled and otherwise improved so that
they can be more intensively farmed. Cropping patterns have become
more intense and, with a larger proportion of the irrigated land in
row crops, the lands require larger late-season diversion. Also, crop
yields have increased through better ferming practices and techno-
logical improvements, resulting in an increased water requirement. If
a specific analysiec were made today, the irrigetion shortages would
undoubtedly be found to be larger than the 3,400,000 acre-feet indicated

-by this previous study. In & recent reconnaissance water<supply study
made for Teton Basin Project, total water shortages for lands irrigated
from the Henrys Fork were estimated at 1,700,000 acre-feet during the
period 1928 through 1957. A large proportion of this shortage occurred
during the dry 1930 period.

Any additional inflow to the Snake River above Milner during dry
periods resulting from artificial recharge in wet years could be used
through system operation to reduce irrigation shortages tor the
presently irrigated lands.

Average anmnmual divcroions to the three recharge areas are shown -
in table 17.

It has been estimated that about 35 percent of the St. Anthony,
65 percent of the Idaho Falls, and 70 percent of the Idaho Falls-
Blackfoot Gravel Pit diversion would return as inflow to the river
above Milner, and the remainder would return to the Snake River between
Milner and Bliss. Applying these estimated inflows gbove Milner to
average snnual diversions outlined in table 17, the annual inflows as

shown in table 18 would be available to meet irrigation water require-
ments above Milner.
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Project Functions and Accomplishments

Table 17.--Average annual diversion

: Teton Basin 1/ : Future 2/

Recharge Area ; Present Project : Level of

. Condition . g1 Burns Creek : Development
: Acre-feet : Acre-feet :  Acre-feet
St. Anthony : 100,000 : 83,000 i 58,000
Idaho Falls {200,000 165,000 : 80,000
Gravel Pits : 15,000 13,000 : 10,000
TOTAL . 315,000 : 261,000 . 1L8,000

1/ Assuming development of Teten Basin and Burns Creek Projects.

2/ ‘Future = gdevelopment as outlined in the Upper Snake River Basin
Report.

Table 18.--Average annual inflows gbove Milner

Present 3 Teton Basin . Tuture

Recharge Aresa : Conditi : Project : Level of

; Londitlon . ,hd Durns Creek : Development
: Acre-feet : Acre-feet ¢ Acre~feet,
St. Anthony : 35,000 . 29,000 : eo,ood
Idaho Falls : 130,000 : 107,000 : 52,000
Gravel Pits : 10,000 : 9,000 : 7,000
TOTAL s 175,000 145,000 : 79,000

For the benefit analysis of this report, the depletion for the
Teton Basin Project and Burns Creek has been assumed. Under, this
assumption, about 4,350,000 acre-feet of additional inflow during the
30-year study would return to Snake River above Milner from the Snake
Plain aquifer. Of this amount, an estimated 900,000 acre~feet would
be available in dry years to supplement the present irrigation water
supply, and the balance would be available in years when it would be

R 2/6k
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surplus to irrigation needs. During the 30-year study period, the
average annual reduction in irrigation shortage would be about 30,000
acre-feet. Under future level of development, about 2 2370,000 acre-
feet of additional -inflow would be available, and an estimated k90,000
acre-feet would be used in dry years to supplement the irrigetion
water supply, or an average annual reduction in irrigation shortage of
about 16,000 acre-feet. The irrigation benefit for one scre-foot of
supplemental water would be $12.20, based on long-term average prices
expected to prevail, with an index of 250 (1910-14 equals 100) and
cost index of 265 (1910-191k equals 100).

With an aversge aunual reduction in irrigation shortages of 30,000
acre-feet, the irrigation benefit would be $366,000 snnually and
$195 ,000 annually under future level of development, However y In-
flows into the Snake River from recharge could not be expected to reach
& peak for a considerable length of time because of the comparatively
great distance recharged water must move to points of discharge. Con-
versely, the effect of reduced diversions to the recharge area in dry
Years would not be reflected in inflows to the river from the aquifer
for some time. Therefore, it has been necessary to determine the
irrigation benefit as yearly averages.

Under the assumptions that maximum inflow to the Snske River
would not be reached until the 25th year after initial recharge and
gradually reduced from the 50th to the 100th year, because of de=-
creased diversions to the recharge area, the aversge annual equivalent
irrigation benefit would be $253 4000, The reduction in amount of the
diversion from the 25th to the 100th year is expected as a result of
greater utilization of Milmer spills for projects of the future in the
Upper Snake River Basin.

Irrigation Benefits from Reduced Cost of Ground-water Pumping

Of the 420,000 acres of lands now irrigated by ground water with-
in the area of recharge influence » about 240,000 acres would be bene-
fited by the effect of recharge on the water table. An additional
estimated 250,000 acres served directly from ground water could be
developed in the overall ares in the future, The existing and future
irrigation of these lands would benefit from recharge of the Snake
Plain to the extent of savings that would result from rise in the water
table and the asccompanying reduction in pump lift, The rise in the
water level would not occur uniformly over the entire area as illus-
trated on Figure B,

Based on the estimated average rise in the water table, annual
saving in pumping power for ground-waber punping would be $10,200 for
the land presently irrigated by pumping s &3 shown on table 19, and
$10,900 for lands that could be irrigated by pumping in the future, as
shown on table 20. Under future level of development, this saving

R 2/64
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Project Functions and Accomplishments

would be reduced to $5,800 and $6,200, respectively, Under the
assumptions that diversion to recharge areas would average 261,000
acre-feet annually for the first 25 years and reduce gradually from
the 25th to the 100th year, when future level of development would
be reached, the average annual equivalent saving in pumping power
would be $9,h00 for the lands presently irrigated by ground-water
punping. Based on the assumption that of the lands that could be
irrigated by ground-water pumping in the future, about 250,000 acres
would be irrigated by the 25th year and assuming diversion to the
recharge areas outlined above, the average annual equivalent saving
in pumping power for ground-water pumping would be $7,200 or a
savings of about $16,600 (rounded to $17,000) for lands presently
irrigated by ground-water pumping and those that could be irrigated
by ground-water pumping in the future.

Flood Control Benefits

The Corps of Engineers has estimated the flood-control benefits
associated with different size recharge canals and various degrees of
development. The average annual benefits for a 2,000 cubic foot per
second recharge canal at St. Anthony and a 2,500 cubic foot per second
canal at Idaho Fells, for two conditions of possible future develop-
ment, follow.

Existing System Flus
Burns Creek Plus

Recharge Existing System 235,000 AF Storage
Ares Plug Burns Creck on Teton Rivex
Without With Without With
Levees¥ Levees* leveeg* Levees¥*
St. Anthony  $94,500 $52,050 $29,580 $2k ,Loo
Idahc Falls  $16,480 $ 7,150
Combined $ 3h,250 1/ $29,070

* Levees proposed for the Heilse-Roberts Extension Flood-Control
Project would protect lands along Henrys Fork from its mouth to
Texas Slough from & flood of 11,500 c¢.T.s. and along Snake River
from Henrys Fork to the Roberts Bridge from a flood of 33,000 c.f.s.

1/ Rounded to $3k,000

The Corps of Engineers also advises that recharge diversions
would receive some downstream benefits on Lower Columbia River as
described in the Upper Snake River Basin studies. Those benefits
would amount to about $39,000 annually. A flood-control benefit of
$73,000 ($39,000 plus $34,000) has been used in this reconnaissance
analysis.

R 2/64
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Project Functions and Accomplishments

Copy of a letter from the Corps of Engineers, dated July 20, 1961,
covering project flood-control aspects, is appended.

Power Benefits

With the addition of Teton Basin Project and Burns Creek to the
rresent system, water would be divertible for recharge on an average
of nearly 46 days per year at an average rate of 2,860 cubic feet per
second, er an initial stabilization period, fnflows to American
Falls and below Milner would average 190 and 310 cubic feet per second,
respectively, These figures have been reduced to reflect additional
irrigation depletion during dry years.

After adjustments were made for powerplants presently operating
at high plant factors, the energy potential of the net change in flows
through all downstream powerplants, existing and under construction,
was computed. Increased flows were assumed usabie 80 percent of the
time, except al plants where studies indicate lesser values should be
used,

With the Teton Besin Project and Burns Creek added to the present
development, the Sneke Plain Recharge Projeet would have the following
effect.: ‘

Energy production due to increased flows - 265,000,000 kw,-hrs.,
Energy reduction due to decreased flows - 78,000,000 kw.-hrs.

Net average annual incresse - 187,000,000 kv.-hrs.

Under future conditions, water would be diverted for recharge
on an average of nearly 33 days per year at an average rate of 2,240
cublc Teet per second. After adjustment Lo reflect increased irrigation
depletion in dry years, inflows to American Falls, and below Milner
would average 100 and 190 cubic feet per second, respectively. Energy
potential of these increased flowe through all downstream head contems
plated for development was computed. Fxcept for plahts where studies
indicated the use of a lesser value, increased flows were assumed
usable for emergy production 95 percent of the time. - Under these
conditions, the Snake Plain Recharge Project would have the following
effect;

Energy production due to increased flows - 326,000,000 kw.-hrs.
Energy reduction due to decreased flows - 26010002000 kw,-hrs,

Net average annual incresse - 66,000,000 kw,.-hrs.

R 2/6%
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Project Functions and Accomplishments

For determination of the arnual power benefits, credit has only
been taken for the average annusl energy produced at the powerplants.
The energy value used is the Federal Power Commission Southern Idaho
at-site value of 3.4 mills per kilowatt-hour. Applying this value to
the incregsed energy anticipated, the annusl average equivalent power
benefit would be $636,000 (187,000,000 kw.-hr. at 3.4+ mills/kw.-hr.)
under present conditions plus Teton Basin Project and Burns Creek and
under future conditions $224,000 (66,000,000 kw.~hr. at 3.4 mills/
kw.-hr.). Assuming an initiel stabilization period of 25 years and
smaller diversions to the recharge area from the 25th to the 100th
year when future conditions would be reached, the estimated snnual
average equivalent power benefit for the 100-year period would be
$430,000. ‘

Fish and Wildlife

The fish and wildlife aspects of the Snake Plain Recharge Proj-
ect have been evalusted by the U, S. Fish and Wildlife Service, Bureau
of Sport Fisheries and Wildlife. Reports for both the St. Anthony and
Idaho Fells Recharge areas were prepared by the Service, and a copy of
each report, dated May 31, 1961 and November 20, 1961, respectively,
is eppended.

Fish-screen structures with rotary-type screens and by-pass
conduits have been provided in the cost egstimates for both the St.
Anthony end Idaho Falls Recharge areas.

Concrete fish ladders also have been included in the development
plan for both areas. However, the U. S. Fish and Wildlife Service
and the State of Idaho Department of Fish and Game have not, as yet,
reached full agreement on the necessity of such fish-passage fecilities
around the diversion structure in the ldaho Falls Recharge ares.

It has also been suggested that flows adequate to permit fish
to reach spawning areas be provided during the spring season, but the
amount of flow needed has not, as yet, been determined by the Service.

The Fish and Wildlife Service, in commenting on wildlife in the
recharge areas, points out that diversion of spring runoff might
adversely affect downstream wildlife habitat by reducing high spring
flows which ordinsrily replenish the existing wetlands, and therefore
recomiends that flows sufficient to maintain the present state of
these areas be provided by the project plan.,

It has been found, however, that subirrigation practices along
Henrys Fork contribute substantially to perched water tables that in
turn mgintein levels in many of the marshy areas involved. Further
detalled study is necessary to debermine the relationship between
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floodflows and - subirrlgatwn recharge practices and to more specifi-
ca.lly define the areas subject to improvement.

- The ,Service s I .cmnmenting upon‘the_ positive fegtures of recharge,
points out: that both Federsl and State fish hatcheries in the Thousand
Springs area would benefit if flows from the Snake Plain aguifer were
increased as a result of the project and continue to maintain their

. present quality. . It is: also- pomted out that the intermittent ponds

established by recharge » 8t times ;. would benefit migrat:.ng waterfowl.

Pollut 1on Abatemant

The U. S. Public ‘Health Serv:.ce » Div:Lsion of Water Supply and
Poliution Control, Department of Health, Education and Welfare, has
prepared a preliminary eva.J.ua.tlon report relative to the aignificance
of the project from the standpoint of the Public Health Service.

This report of April 16, 1962 1is appended, and recommends that the
following investigations be carried out, if.the Snake Plain Recharge
Project proceeds beyond. the- recqnmissance level:

- Studies be done to. establish water-quallty criteria
which would be sa.tisfactory for ground-water recharge
at specific recharge sites. The quality criteria would
be dependent upon the degree of filtration and pollutant
removed obtained at each recharge area, the projected
municipal and domestic use of ground water adjacent to
each recharge area, and the physical, chemical, and
bacteriological qua.llty of . the surface waters used for
recharge.

2. Studies to determine movement of ground water in the
specific areas considered for ground-water recharge.

3. An evaluation of the low flow augmentation benefits
which could be salislled by this project.
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FINANCIAL ANALYSIS

ECONCMIC JUSTIFICATION

The Snake Plaln Recharge Project has economic Justificatlon.
In a 100-year period of analy81s, annual benefits exceed annual costs
by a ratio of 2.00 to 1.00. - .

‘ Annual benefits for the ﬁrogect would total $773;000.  This con-
sists of the irrigation benefit of $270,000, the power benefit of
$430,000, and the flood—control benefit of $73,000. o

The net Federal investment for the Snake Plaln Recharge Project
would be $13,359,000. This amount was derived by adding to the con-
struction cost($l3 150,000) ; interest during construction ($329,ooo),
and deducting the cost of past investigations ($l20,000)

The annual equivalent cost of the Snake Plain Recharge Project
over a 1l00-year period of analysis is $386,000. This cost includes
the annuel equivalent cost of the net Federal investment ($13,359,000)
over a 10®-year period at 2-1/2 percent interest ($365,000) and the
ennual operation and maintenance cost ($21,000).

Annual benefits of the Snake Plain Recharge Project ($773,000)
would exceed the annual project cost ($386,000) by & ratic of 2.00 to
1.00 over a 100-year per;od of analysis.

'ALLOCATION OF COSTS

The development plan of the Snake Plain Recharge Project would
benefit irrigation, power, end flood control. It is necessary to
allocate or assign comstruction and operating costs to the function
served.

Project facilities include $430,000 for fish screens and fish
ladders at the St. Anthony Recharge area, and $625,000 for fish
screens and rish ladders at the IGaho Falls Recharge area. This total
construction cost of $1,055,000, and the annual operation snd mainte-
nance cost of $1,000, is associated with mitigating fish and wildlife
losses. Thesge coste have beepn aseigned to fich and wildlifc. Deduct~
ing these assigned costs from the total project cost of $13,150,000
and the annual operation cost of $21,000, leaves a $12,095,000 con-
struction cost and a $20,000 anmal operating cost to be allocated
under the separable cost-remaining benefit method of allocation.

The cost of $12,095,000 to be allocated, and interest during
construction totaling $303,000, amortized over a 100-year period at
2-1/2 percent interest, amounts to annual equivalent costs of $330,300
and $8,300, respectively. Addition of the $20,000 operating cost would
glve a total annual equivalent cost of $358,000 to be allocated.
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© Anmual benefits of $270,000 for irrigation, $430,000 for power,
and $73,000 for flood control used in the allocation were derived
previously. :

. The niost ecenmuica,l single~purpose alternates for all three
functions served would be the project as proposed with an e.rmua.l
equiva.lent cost ef $358 600-

There would 'be no separe.ble costs associated with the three
functions served. S

Derivatlon of: the a.llocat:.on and assigmment of costs to the
functions served a.re presented in table 21,

REPAYME!NT

The Snake RiVer Plain comprlses a geographic area of about 13,000 -
square milesy and has a population of over 250,000 people. Most of
the people in this area now have, either directly or indirectly, an
economic and water-supply dependence on ground water. Uses are widely
varied, including domestic, municipal, irrigation, power, recreation,
industrial, fish snd wildlife, commercial fish propagation, pollution
abetement, atomic energy programs and aesthetics. The degree of
dependence on utilization of ground water varies greastly among the
individual usexs within each grouping. Further, there are substan-
tial differences in the characteristics of each of the main cate-
gories of ground-water usage. Specific needs for ground water fluc-
tuate from day to day, seagon to season, and from periods of surface
weter abundance to drought years.

Augmenting the underground water resource of Snake Plain with
surplus water from Henrys Fork and Snake River has many and specific
values. The direct end indirect beneficiaries would number well over
one hundred thousand people. The purposes benefited would extend in
some degree, and in differing ways, across the entire spectrum of
economic activity ih the area. In addition, benefits accruing from
the project functions of power and flood control would extend far
beyond the geographic limits of the Snake River Pladn.

While the overall benefits over a long period of time from arti-
ficial recharge are: susceptible to determination, the contributions
from recharge to an individual ground-water user in a specific loca=-
tion cannot be accurately measured. Hence, contracting with the great
number of entities who might be involved for payment of reimbursable
costs on the basis of an assured and measurable ground-water beneflt
associated with es.ch is recognized as impractical.




Table 21.--Allocation of

costa

3 : 1t Flood  : Feh & ;
Ttema : Irripation :  Power : Control : Wildlife : Recreation : Total
Total Costs: 4 : : : ; g
1 : ' : ! H
Comstruction : : ! : t : $13,150,000
Interest during canstruction : H t H H ! 329,000
Operation and maintenance H H 1 H ! T 21,000
Replacements H t H H ! H -
i s ! 1 1 H
Assigned Coste: H H 1 1 H ]
H t H t H H
Construction s : : s $1,055,0001 1 1,055,000
Interest during construction : : : : 26,000 s 26,000
Operation and maintenance 1 . H H 1,000: H 1,000
Replacements H H H H -l 3 -—
H t ! H 1 H
Costs to be Allocated: t ! H 1 : H
H H : H t :
1. Annual construction costs ' H s : t s 330,300
2. Apnual interest during comst. t 1 H i : i 8,300
3. Operation and maintenance H H H H t : 20,000
k. Replacements t : : ' : H -—
Total : ! : : : : 358,600
t H : : H H
Benerits ¢ $270,000 : $430,000 : $ 73,000 ¢ H H T73,000
: t t : : : H
Alternate Costs : 358,600 : 358,600 : 358,600 t : -
H : : t ' H
Justifisble Expenditure t 270,000 : 358,600 : 73,000 : : . 701,600
t H : : : :
Separable Cosis: ! : H H 3 H
l. Anmua) construction coets H : H H H H
2+ Annual interest during const. s H f B H :
3. Operation and maintenance H : H B H H
L, Replacements : : H : H H
Total : Q = 0 : 0 : : 0
Remaining Justifisble Expenditure : 270,000 : 358,600 : 73,000 : : : 701,600
Percent Distribution : 38.5 : 51.1 : 10.4 : : 100
Remaining Joint Coctst H 1 [ T s ]
H s : : 3 s
1. Anmual construction costs : $126,900 : $169,000 : §34,400 ' t $330,300
2, Annual interest during comst. : 3,200 ,200 ¢ 900 : : t 8,300
3. Operation apd maintepance : 8,000 : 10,000 : 2,000 : ' 20,000
4. Replacements H - 3 .- - s H -
Total : 138,100 : 183,200 : 37,300 : : : 358,600
Total Allocated Costs: H H ! H H H
b4 H H 2 H 1
1. Anmual construction costs : 126,900 : 162,000 + 34,00 : : 330,300
2. Anmual interest during comst. : 3,200 4,200 Q0 : t 1300
3. Operation and maintenance : 8,000 : 10,000 :- 2,000 : H : 20,000
4k, Replacements : -1 - - : : -
Total ;136,100 103,200 : 37,300 : : 358,600
Total Allocated & Assigned Costs : H H H H H
1. Construction costa : 4,647,000 : 6,188,000 :1,260,000 : 1,055,000: ¢ 13,150,000
2. Interest during construction + 117,000 : 153,000 : 33,000 : 26,000 H 329,000
3. Operation and maintenance : 8,000 : 10,000 2,000 1,000: % 21,000
k. Replacemente : -- - w1 -t -
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Financisl Analysis

Snake Plain Recharge Project, by its nature, presents many un-
usual and unconventional considerations. The physical and technical
problems of identifying the water for recharge, delivering such
water underground, and predicting the overall effects and benefits
of recharge, lend themselves to analysis and eventual solution. The
accomplishment of this long-range beneficial water use rests to a
great degree with all of the people in the area involved, for this
group as a whole, are the project's direct beneficlaries. As such,
they logically would have to undertake the repayment of reimbursable
costs, in some acceptable manner, for the project to be built.

A possibility for repayment of some component of the recharge
project is suggested by the relationship of future project uses of
ground water to recharge. Projects of the future depending on ground-
water exchange or replacement might properly incorporate a degree of
artificial recharge commensuratc with the quantities of new ground-
water development involved, location of the points of ground-water
withdrawal, and possible influences that such new uses would have on
existing ground-water pumping.

The solutions to the many compelling problems associated with
obtaining repayment under such circumstances are far beyond the scope
of this report. The project functions of power, and municipal and
industrial water, are normally cost components reguiring repayment
with interest, a factor not yet accounted for. Some overall organi-
zation within the framework of Idsho State law probably would be
required. These are among the many unanswered questions. Neverthe-
less, the soundness of the artificial recharge concept and its con-
tribution to a fuller beneficisal use of indicpcnsable water would
certainly seem to justify efforts necessary to achieve repayment.



CONCLUSIOXNS

It is concluded that:

(1) Substential quantities of water are available in Snake
River and tributaries above Milner Dam in most years for a.rb:.ficia.l
recharge of the aquifers of the Snake River Plain.

(2) Such diversion would be & beneficial employment of valuable
water resources that would otherwise leave this area unused.

(3) The Snake Plain offers an excellent opportunity for recharge
operations. The large, little-used, relatively flat areas present a
surface of exposed basalts that take water readily and transmit it
relatively rapidly from the ground surface to the water table, and

‘the aguifer ha,s high coefficients of transmissibility and storage.

(4) Water artificially recharged would augment a ground-water
resource now subject to practical utilization in many locations.

(5) The development plan has engineering feasibility and
econamic justification, with benefits exceeding costs by a ratio of
2.00 to 1.00 over a 1l00-year period of analysis.

(6) The artificisl recharge project is well suited to develop-
ment in stages, or increments, over a long period of time.

(7) A solution to the aspects of repayment of reimbursable
project costs is not possible at this time.
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U. 5. ARMY ENGINEER DISTRICT, WALILA WALIA
CORPS OF ENGINEERS
Bldg. 602, City-County Airport
Walls Walla, Weshington

20 July 1961

Mr. David Crandell

Area Engineer

Bureau of Reclamation

Snake River Development Office
214 Broadway

Bolse, Idsho

Dear Mr. Crandall:

In response to your letters of 1lh September 1960 and 11 May 1961,
the average snnuel benefits from the Snake River Plain Recharge have
been calculated, using 1960 price level and conditions, unless otherwise
designated. '

Regulation by the present system of Jackson lake and Palisades
Reservoir plus the proposed Burns Creek Reservoir, for joint use flood
control purposes is assumed. Frequency estimates are based on existing
irrigation diversions. Flood control benefits are calculated from the
point of diversion to the head of American Falls Reservoir. Other con-
ditions involved are described, as relating to each point of diversion,
in the following paragraphs.

1. The average annual benefits for three different diversions from
Henrys Fork at 8t. Anthony are as follows:

Diversion
Existing System Plus Burns Creek 1,500 cfs 2,000 cfs 2,500 cfs
Without levees 1/ $75,230 $ 94,500 $106,460
With levees 1/ 40,300 52,050 58,770
Existing System Plus Burnsg Creek and
235,000 Acre-Feet Storage on Teton River
Without levees 1/ $ 24,40 $ 29,580 $ 34,950
With levees 1/ 19,890 24,400 28,500
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Mr. David Crandall 20 July 1961

2, - The average annual benefits for three different diversions from
Snake River at the Great Western Canal diversion, with 2,000 cfs diversion

from Henrys Fork at St. Anthony and 235,000 acre-feet of storage in
Fremont and Driggs Reservoirs on lower Teton River, are as follows:

Diversions
1,500 efs 2,000 cfs 2,500 cfs 1,800 cfs

Without levees 1/ : $ 32,640 $ 33,560 $ 34,250 $ 33,190
With levees 1/ : 27,460 28,380 29,0790 28,010

1/ Levees proposed for the Heise-Roberts Extension flood control
project would protect lands along Henrys Fork from its mouth to Texas Slough
from & flood of 11,500 cfs and along Snake River from Henrys Fork to the
Roberts Bridge from a flood of 33,000 efs.

3. The average annual benefits for the three different diversions
from Snake River at the Great Western Canal heading are as follows:

Diversions

1,500 cfs 2,000 cfs 2,500 cfs

Existing System Plus Burns Créek' ' $ 9,650 $ 1h,360 $ 16,480

Existing System Plus Burns Creek and
235,000 Acre-Feet Storage on Teton River 4,470 5,650 7,150

b, The average annusl benefits for three different diversions from
Snake River about three miles sbove Firth are as follows:

Diversions

1,500 cfs 2,000 cfs 2,500 cfs

Existing System Plus Burns Creek $ 5,590 $ 8,270 $ 9,480

Existing System Plus Burns Creek and
235,000 Acre-Feet Storage on Teton River 2,530 3,190 4,030

No flood control benefits for the area mbove American Falls Reservoir
would be earned by diversions from Snake River at the Milner-Gooding Canal
as the canal hemding is downstream from that area.




NPWGW
Mr. David Crandall 20 July 1961

All of the diversion would receive some downstream flood control
benefits on lower Columbia River as described in the Upper Snake River
studies. BSlight improvement of flood conditions on Snake River near
Welser might also be afforded.

Demages in the area are to irrigated agricultural lands, rural
residences, roads, highways, bridges, irrigation and drainege works, the
community of Roberts, and other improvements. Land dameges, crop losses,
fences, farm bulldings and improvements are some of the agricultural
damages. Flood fighting, evacuation and relief costs are involved in
large floods. These proposed diversions provide limited flood control
benefits by reduction of flood peaks.

All celculations are derived from demeges used in the Upper Snake
River study, modified to reflect the change, in frequencies for the
various diversions.

Average annual benefits for future growth are not shown as this
evaluation is for initial conditions only.

Sincerely yours,
(Sgd.) J. H. Beddow
J. H. BEDDOW

Colonel, CE
District Engineer




DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE
REGIONAT, OFFICE
iV

PUBLIC HEALTH SERVICE
Water Supply and Pollution Control

Program, Pacific Northwest
Room 570 Pittock Block
Portland 5, Oregon

April 16, 1962

Mr. D. L. Crandall, Ares Engineer
Snske River Development Office
Bureau of Reclamation

21k Broadway

Boise, Idaho

Dear Mr.'Cpandall:

Enclosed is our statement on the Snake Plain Recharge Project, and
I trust that it will be satisfactory for incorporation into your
reconnaissance report. As you will note, we do not have sufficient
information at this time to fully evaluate the public health and
water quality sspects assoecisted with the artifieial recharge of
the ground water basin. We have, however, identified specific
investigations which should be carried out when the project advances
t0 a project investigation study. :

We have discussed this project with the State Sanitary Engineer of
Idaho, and he has indicated the desirability of a detailed study to
better evaluate the erfect of this project on the gquality of domestic
and municipal water supplies in the area.

If we can be of further assistance to you In comnection with this
project, please do not hesitate to call on us.

Sincerely yours,

(Sed. )

W. W. Towne, Director
Columbia River Basin Project




DEPARTMENT OF
HEALTH, EDUCATION, AND WELFARE
Regional Office

X

PUBLIC HEALTH SERVICE

Water Supply aend Pollution Control
Program, Pacific Northwest

Room 570 Pittock Block

Portland 5, Oregon

STATEMENT ON THE SNAKE PLATN RECHARGE PROJECT

The U, S. Public Health Service, Division of Water Supply and Pollu-
tion Control, Department of Health, Education, and Welfare has com-
pleted a preliminary evaluation of the Snake Plain Recharge Project
which is under investigation by the U. 8. Bureau of Reclamation,

The purpose of the reconnaissance investigation by the Bureau of
Reclamation is to analyze the possibilities of introducing surplus
flows of the Snake River into the Snake Plain aguifer for the pur-
poses of flood control, stabilization of river flows for power pro-
duction, and sustaining ground water levels for present uses and for
the expansion of irrigation from ground water, :

The investigation has considered diversions of surface water into the
ground water basin at recharge sites located at St. Anthony, Idaho
Falls and the Idaho Falls-Blackfoot area.

The Snake Plain Recharge Project is of significance to the U. 8.
Public Health Service for two reasons: (1) the potential pollution
of the ground water in the Snake Plain aquifer resulting from the
introduction of untreated surface water, and (2) the effect this
project would have on the management and use of surface waters in the
upper Snake River in relation to the majntenance of minimum flows for
vater quality control.

The preliminary study and evaluation of the Snake Plain Recharge
Project has shown that there is not sufficient data and information
available to accurately determine the effect of recharge at the
specific sites considered; however, a general evaluation is as
follows:

St. Anthony Recharge Sites-~The surplus flow from Henry's
Fork which would be used for recharge is relatively un-
polluted from municipal and industrial wastes and the
quality appears to be egual to other surface waters which
recharge the ground water basin natiurally. Serious pollu~
tion of the ground water at this site due to recharge
appears remote, provided that the present quality of Henvy's
Fork is maintained.




Idaho Falls Area--Both municipal and industrial wastes are
discharged into the Snake River sbove the diversion for re-
charge at this site. The present and future quality of the
surface waters must be considered as a potential threat to
the quality of the ground water basin. Additional study is
definitely needed to determine the feasibility of recharge at
this site.

Idaho Falls-Blackfoot Gravel Pit Recharge Site-~The Snake

River between Idaho Falls and Shelly presently receives munici-
pal and industrial wastes with a population equivalent of ap-
proximately 500,000 persons and future industriel and population
expansion will result in edditional waste discharges. In the
future, the water of the Snake River in this reach is antici-
pated to be of unsatisfactory quality for ground water recharge.
The domestic and municipal use of ground water in this area is
very high and maintenance of the ground water quality is con-
sidered paramount, "The feasibility of recharge at this site ie
considered doubtful.

At the present time, the complex management and regulation of the Snake
River has resulted in minimum flows especially during the winter which
are not sufficient t0 assimilate the municipel and industrial waste
discharges above Milner Dam. Under present conditions water quality
objectives in the Snake River cannot be met. Since the Snake Plain
Recharge Project considers excess flood flows which only occur approxi-
mately five years in ten, the project when considered by itself would
be of little value for low flow sugmentation. However, the possibility
of ground water exchange made possible by this project for surface
waters available each year for low flow augmentatmn would be beneficial
for water quality control.

It is recommended that the following investigations be carried out if the
Snake Plain Recherge Project proceeds beyond the reconnaissance level:

1. BStudies be done to establish water quality criteria which
would be setisfactory for ground water recharge at specific
recharge sites. ‘he quality criteria would be dependent upon
the degree of filtration end pollutant removed obtained at each
recharge area, the projected municipal and domestic use of
ground water adjacent to each recharge area, aud the physical,
chemical, and bacteriological quality of the surface waters used
for recharge.

2. Studles to determine movement of ground water in the specific
arees conslidered for ground water recharge.

3« An evaluation of the low flow augmentation benefits which
could be satisfied by this project.



c UNITED STATES
4] DEPARTMENT CF THE INTERICR
P FISH AND WILDLIFE SERVICE
Y Bureau of Sport Fisheries and Wildlife

1001 §. E. Lloyd Blvd.
P. 0., Box 3737
" Portland 8, Oregon

May 31, 1961
Memorandnm
To: Reglonal Director, Bureau of Reclamation
Boise, Idaho
From: Regional Director, Buresu of Sport Fisheries and Wildlife

Subject: _Snake Plain Recharge ProJject, Idaho

This is our Bureau's reconnaissance report on effects Snake Plain
Recharge Project would have on fish and wildlife. We have reviewed
pertinent information contained in the joint report of your Bureau
and the Corps of Engineers, entitled "Preliminary Summary Report,
Upper Snake River Basin, Wyoming-Idaho-Utah-Nevada-Oregon," dated
November 1960, and additional and revised data furnished by your
Snake River Development Office through January 1961. The following
statements pertaining to measures for conservation and development
of fish and wildlife resources are submitted for early consideration
in your planning. This report has been prepared in accordance with
the Fish and Wildlife Coordination Act, (48 Stat. 401, as amended;
16 U.8.C. 661 et seq.). It has been reviewed by the Idaho Department
of Fish and Game and hac the concurrence of that Department as indi-
cated in a letter from Director Ross Leonard, dated April 21, 1961,
a copy of which is attached.

Although the preliminary nature of your investigations does not permit
conclusive statements regarding anticipated project effects on fish
and wildlife resources, informetion provided is sufficient to warrant
making comments of a generalized nature. Further studies will be re-
quired before firm récommendations for conservation and development of
fish and wildlife can be made. We will continue to maintain close
lieison with the Snake River Development Oftice in our planning for
fish and wildlife resources in connection with this project.

Snake Plain Recharge project area would encompass that portion of the
Snake River Plain located principally north of Snake River between
the Plain's upper topographic limits near Kilgore, Idaho, and the
Thousand Springs area near Rliss, Tdaho. Foothills of the Lost River
Range, Lemhi Range, and the Centennial Mountains form a part of the
northwest boundary of the Plain. The southern and eastern boundaries
of the Plain would be the limit of the ground-water reservoir which
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in certain areas may extend beneath Snske River to the south. These
limits have not been determined. The Plain is about 250 miles long,
60 to 70 miles wide, and encampasses about 13,000 square miles.

Sneke River Plain comprises a hydraulic system in which aquifers of
Snake River basalts and interbedded sediments serve both as a storage
reservolr and a ground-water conduit. Pributary valleys contiguous
to the Plain furnish the principsl recharge to its aquifers.

At many placeg the irregular, .broken surface of the Spake Plain lava
takes water readily and large fractures and other openings permit
rapid percelation of water into the ground-water reservoir. Prinel-
pal natural discharge of water from the ground-water reservoir occurs
in the Thousand Springs area, a reach of about 40 miles, in a canyon
of Snake River between Twip Falls and Bliss, Idaho. In this stretch
river flows increase by about 8,000 second-feet, of which 6,000
second-feet prebably represents ground water discharged from Snake
River Plain.

Snake. Plain Recharge project is a plan for the introeduction of surplus
seasonal runoff and flood flows from various sections of Snake River
and tributaries into Snake Plain aguifers for the purposes of flood
control, stabllization of river flows for power production, and irri-
gation. This underground storage water would then spread over a wide
area end flow from the recharge zone to a discharge area. Some water
would be used on appropriate lands along the route. Irrigation bene-
fits would accrue from sustained ground-water levels for present irri-
getion uses and development of new aress. Water would be used prima-
rily for subsurface and surface irrigation. Water for surface
irrigation would be secured by pumping from the ground-water reservoir.

It is our understanding that there ere three areas in the Snake River
Plain vhere recharge appears most practical; (1) the area near St.
Anthony, lying west of Egin Bench, ncrth of Menan Buttes, and extending
westward bhetween Market Lake and Mud Lake, mainly in Jefferson County
and Fremont County, Idsho; (2) an area along the west side of Snake
River between Idaho Falls and Shelley, mainly in Bingham County and
Bonneville County, Idaho; and (3} an area lying north and east of
Americen Falls Reservoir, between its backwaters and Blackfoot, Idaho,
mainly in Bingham County, Idaho. Neither size nor locations of re-
charge diversions or of the recharge areas have been determined for
the latter twe possibilities. Accordingly, our comments apply
specifically only to the St. Anthony area.

Water would be supplied to the St. Anthony recharge area from Henrys
Fork Sneke River by means of & canal originating in the diversion
pool of existing Farmers Friend and St. Anthony Canals. The existing
diversion dam 1s Jocated about three miles upstream from 5t. Anthony
on Henrys Fork Spake River. Tt is bullt in two sections at the
dividing point of two river channels. The inlet of existing Farmers
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Friend Canal is located on the east side of the river and the canal
serves lands lying south of St. Anthony. Existing 3t. Anthony Canal
leaves the river on the west side and serves lands lying west of

St. Anthony. The inlet of the proposed canal would be located on
the west side of Henrys Fork immediately upstresm from the inlet of
St. Anthony Canal. The propesed canal would be 17 miles long and
would have & capacity of 2,000 second-feet. It would follow a
course generally parallel to, but north of, St. Anthony Canal and
would pass through several ponding areas and end in lava beds north
of 8%. Anthony.

Your current plans call for a rotary-type fish screen in the proposed
canal located about 50 feet below its intake. A 42-inch concrete
outlet pipe located immediately upstream from the fish sereen would
permit movement of fish back into the river at a point downstreem from
the west sectlon of the diversion dam. This outlet, several hundred
feet in length, would pass under St. Anthony Canal.

Based on a meximum diversion of 2,000 second-feet from Henrys Fork
Snske River at St. Anthony, an aversge of about 100,000 acre-feet of
wvater could be diverted each year to the Snake Plain for ground-water
recharge purpeses. A maximum of about 356,000 acre-feet could be
diverted in & year of extremely high runoff. No water would be
available for recharge in dry years.

Fisheries

Henrys Fork Snake River is well known for itz excellent trout fishery.
The river has & constant flow and rarely freezes over. Year-round
fishing is available in the stretch of river near St. Anthony. Rain-
bow and cutthroat trout, and mountain whitefish are the principal
game fish caught.

The water level of the river above the recharge diversion site has
been raised by the existing diversion dams, creating an area wider
and deeper than normal for the stream. This section is popular with
fishing, boating, and picnicking parties. The river downstream from
the diversion dem contains many islands and provides an excellent
fishery.

Diversicn of surplus and flood waters from Henrys Fork Snake River
would stabilize downstream flows to the benefit of the fishery.
However, complete elimination of flood and surplus flows would ad-
versely affect spawning migrations, resulting in & net loss to fish
with the project. High water permits fish to pess over obstacles
vhich ordinarily cannot be surmounted. Flows adequate to permit
Tish to reach spawning areas should be provided during the spring
season. The smount of flow needed has not been determined.
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Fish may concentrate below the existing diversion dams on the river,
especially downstream from the bypass outlet of the proposed diver-
sion canal where they would be attracted by flows emanating from
the pipe. Fish could not return to the diversion canal through the
Pipe because of high water velocities. Fish-passage facilities and
sufficient attraction water should be provided to enable fish to
pass over the vest section of the dam. Figh-passage facilities
should also be provided in the east section of the diversion dam.

It is our believe that a 42-inch bypass outlet pipe is larger than
necessary for the return of fish to the west section of the river.

A pipe of considerably smaller diameter would probably be sufficient
if water velocities are high enough to prevent fish frem remaining
in the pipe. An advantage of the smaller pipe would be the reduc-
tion of attraction water at the bypass outlet which would reduce
concentrations of fish in that area.

Wildlife

Good waterfowl amd fur-anima) habitat are available in the section
of the river near the diversion site. Waterfowl use, however, is
moderately light since more desirsble habitat is found downstream
from St. Antheny and birds are attracted to that area. The river-
bottom land downstream from St. Anthony contains some of the best
wildlife habitat in eastern Idaho. Dense vegetative cover along
the banks provides food and cover for wildlife. Meandering river
flows, oxbow lakes, potholes, and marshy areas are used by muckratas,
beavers, minks, river otters, and a variety of waterfowl. Canada
geese, mallards, and redhead ducks nest in this sector. Mule and
vhite-tailed deer are also present. A few moose use the area during
the winter season. .

Diversiocn of spring runoff would adversely affect downstream wild-
life habitat by reducing high spring flows which ordinarily replen-
ish the valuable wetlands. Nesting sites and food for waterfowl,
and food for fur animals and big game, could be destroyed. The ,
valuable wildlife habltat downstream from St. Anthony, in particu-
lar, could be seriously dameged. It is highly important that these
areas be maintained in their present state. Flows sufficient to
maintain these areas should be provided with the project.

It is possible that introduction of water into the Snake Plain
aquifers.would raise the water table sufficiently in the vicinity
of Camas National Wildlife Refuge to benefit wildlife in that ares.
Additionally, wildlife in the State of Idaho North Lake Wildlife
Management Ares (Mud Lake) could be benefited by a raised water
table. Hagermen National Fish Hatchery near. the Thousand Springs
areas might be benefited if flows which are used to operate that
hatchery are increased as a result of the project,




Fish and Wildlife Report

The recharge canal would pass through several ponding areas, three
of which are now used for ground-waster recharge purposes. These
include Egin Lakes, Mackerts Pond, and Davis Lake. Egin Lakes con=
sist of three ponds vhich hold spring runoff temporarily. Mackerts -
Pond and Davis Lake fill during the spring runoff period and retain
weter through most of the sumer months. Additionsl water added to
these ponds by the proposed recharge canal may provide some minor
benefits to nesting waterfowl. Even with an additional supply Egin
Lakes could not be expected to retain water for a long encugh period
to be beneficial to waterfowl. OQther proposed ponding sreas are
expected to hold water only for short periods. However, if water
should accumulate and remain on the surface for extended periods,
waterfowl would be considerably henefited.

We appreciate the opportunity to participate in the early planning
stages of this project. When additional plans and information

became avallable, we would apprecimte receiving them so that our
investigations may continue concurrently with yours. In the event
that Snake Plain Recharge project reaches feasibility status we will
recammend that conservation and development of fish and wildlife
resources be among the purposes for which suthorization of the project
is sought.

/s/ Paul T. Quick

M N .




STATE OF IDAEKO

Robert E. Smylie
Governor

DEPARTMENT OF FISH AND GAME

April 21, 1961

Mr. Pzul T. Quick

Regional Director

Bureau of Sport Fisheries and Wildlife
P. 0. Box 3737

Portland 8, Oregon

Pear Mr. Quick:

Reference is made to your preliminary draft of & proposed report
to the Regional Director, Bureay of Reclamation, Boise, regard-
ing the Snake Flain Recharge Project in Idaho. Please be advised
that this Department concurs with your report.

When additional plans and information become available we would
eppreciate reviewing them with you.

Oincerely yours,

/s/ Ross Leonard

Ross Leonard
Director

I
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¢ UNITED STATES
0 DEPARTMENT OF THE INTERIOR
P ‘ FISH AND WILDLIFE SERVICE
Y Bureau of Sport Fisheries and Wildlife

1002 N. E. Holladay Street
P. 0. Box 3737
Portland 8, Oregon

November 20, 1961

Memorandum

To: Regional Director, Bureau of Reclamation
Boise, Idaho :

From: Acting Regional Director, Bureau of Sport Fisheries and
Wildlife,'Portland, Oregon

Subject: Snake Plain Recharge Project, Idaho--Ideho Falls Recharge
Area

The fcllowing is intended to supplement the Bureau of Sport Fisheries
and Wildlife reconnaisssnce report issued May 31, 1961, on effects
Snake Plain Recharge projert would have on fish and wildlife. It is

" based on additional information recently received from your Snake River

Development Office, and has' been prepared in accordance with the Fish
and Wildlife Coordination Act, (48 Stat. 401, as amended; 16 VU.S.C.
661 et seqg.). This supplement has been reviewed by the Idaho Bepart-
ment of Fish and Game and has the genersl concurrence of that Depart-
ment as indicated in a letter from Director Ross Leonard dated
Octcber 6, 1961, a copy of which is attached. Mr. Leonard questions
the need for fish passage facilities at the diversion dam. We agree
vith Mr. Leonard's suggestion for further study of this problem and
cur report has been revised to emphasize this.

Our ccmments in the reconnaissance report applied specifically to only
that portion of Snake Plain Recharge project near St. Anthony, Idaho.
This supplement is concerned only with the Idaho Falls recharge area.
It is our understanding that your proposal for a recharge ares near
Blackfeot, Idahc has been found infeasible. We also understand that
you are now investigating the possibility of diverting excess spring
flows into various gravel pits between Idaho Falls and Blackfoot,
vhere ground-water levels are lower than Snake River. This latter
possibility and other recherge areas which are being considered will
be discussed when more detailed information is available.

Although the preliminary nature of your investigations does not permit
conclusive statements regarding anticipated project effects on fish
and wildlife resources, information provided is sufficient to warrant
making comments of a generalized nature. Further studies by our Bureau
will be required before firm reconmendations for conservation and de-
velopment of fisgh and wildlife can be made. We will continue to main-
tain close liaison with your Bureau in our planning for fish and
wildlife resources in connection with this project.
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The Idaho Falls recharge area lies along the west side of Snake River
between Idaho Falls and Shelley, mainly in Bonneville and Bingham
Counties, Idahc. Surplus seasonal runoff and flood flows from Snake
River would be introduced into the area through existing Great Western
Canal which diverts water from Snake River about 9 miles north of
Idako Falls. A diversion dam across Snake River located about 40O
Yards below the mouth of Great Western Canal provides the head of water
for this canal. Great Western Canal serves lands lying along Snake
River west of Idaho Falls. It would be enlarged from its capacity of
TOO second~feet to 2,500 second~feet to accommodate the increase in
flow. A new canal would alse extend frcm the Great Western Canal ap-
proximately 7 miles to lava fields which lie northwest of Shelley.

Your current plans include provisiong for & rotary-type fish screen to
be installed about 350 feet below the canal intake. A 36-inch cencrete
outlet pipe would be located immediately upstream from the fish screen
to permit movement of fish back inte the river at a point downstream
from the diversion dam. This outlet would be about 1,200 feet in
length. Average flows which could be diverted from Snake River for
ground water recharge purposes would be about 203,000 acre-feet per
yeer. In some years, when extremely high runoff occurs, as much as
608,000 acre-feet per year could be diverted. No water would be
available for recharge in dry years. :

Fish

The filshery of Snake River north of Idaho Falls to the river's con-
fluence with Hearys Fork Snake River bas been adversely affected by
man's activities. Low power and diversion dams have restricted the
novement of fish, and the ponded aressa ereated have promoted increases
in nongame-fish populations. However, the stream still receives mod-
erate fishermen use and large cutthroat and rainbow trout are caught.
Whitefish are taken during the late fall season. The Idsho Department
of Fish and Game releases catchable-size rainbow trout throughout this
reach annvally. Year-round fishing is permitted. Boating is partic-
ularly popular in this portion of Smake River.

In general, diversions of surplus flows and flood waters through Great
Western Canal would stabilize downstreem flows to the benefit of fish
and fishing. However ," camplete elimination of flood and surplus flows
would adversely affect spawning activities of game fish. High water
permits fish to pass over obstacles which ordinarily cannot be sur-
mounted and enables them to reach preferred spawning areas. Flows
adequate to permit upstream migrating fish to reech spawning areas
downstream from the diversion dam should be provided during the spring
season. Some preferred spavning areas may be underwvater only during
high-water periocds in the spring, and reduced flows during that per-
iod could render these areas unusable for spawning. Certain sections
of the river are receiving increasing amounts of commercial pollutants

[v]
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during the winter season. These rollutants may become harmful to
fish if they are not diluted and carried awvay by spring flows.
The amount of flow needed for the above reasons, however, has not
yetl been determined.

Fish would tend to concentrate in the river below the existing
diversion dam and downstream from the proposed bypass outlet where
they would be attracted by flows from the pipe. Fish could not
return to the diversion canal through the pipe because of high-
water velocities. Fish-passage facilities and sufficient attrae-
tion water may be needed to enable fish to pass over the diversion
dam. Further study will be needed to determine whether fish
facilities will be required.

It is possible that introduction of water into the Idaho Falls
recharge area would raise the water table and increase flows in
spring areas downstream. Hagerman National Fish Hatchery and the
Ideho Department of Fish and Game Hatchery, both near the Thousand
Springs area, might be benefited if flows which are used to operate
these hatcheries are increased a8 & result of the project. American
Falls Fish Hatchery and McTucker Springs near American Falls Reser-
voir, used by Idaho Department of Fish and Game to rear trout, might
also be benefited in the same manmer. Increased spring flows, how-
ever, would be beneficial only if the water quality is not impaired.

Wildlife

Good waterfowl and fur-animal habitat are availsble along the river
section adjacent to the diversion inlet. Dense vegetation on islands
and along sections of the riverbank provide food and cover for wild-
life. Mallards, gadwalls, blue-winged teal, cinnamon teal, green-
winged teal, American widgeons, pintails, and wood ducks nest along
the river. Nesting use is light, however, because of more desirable
habitat upstream and in wildlife management areas near Roberts,
Idsho. The river is valuable as a resting area for a variety of
waterfowl during fall migration. Islands and shore zones are used
by muskrats and minks. Fheasants and mourning doves inhabit adjacent
farm and riparian lands.

Diversion of spring runoff could adversely arfrect downstream wildlife
habitat by reducing flows which ordinarily replenish valusble wetlands.
Nesting sites for waterfowl and food for both waterfowl and fur ani-
mals could be destroyed. The veluable wildlife habitat downstream
from Blackfoot, Idaho, particularly in that secticn of Snake River
known as the Fort Hall Bottoms, could be seriocusly dameged. It is
important that these areas be maintained in their present state.

The recharge canal in the Idaho Falls area would terminate in lava
flelds and these areas would probably be of nc significent value to
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wildlife if water were held for only brief periods., If water stands
for significant periods migrating waterfowl would be benéfited. Cot-
tontalls inhabit the lava fields west of Idaho Falls and are hunted -
intensively. Introduction of surplus flows into the lava fields dur-
ing the season when rabbit litters are present could markedly reduce
the population. If recharge waters were channeled directly to highly
permeable areas and to sections containing injeetion wells, rather
than the planned general flooding of low-lying areas, losses to the
cottontail rabbit pepulation would be reduced.

We appreciate '_t_.he opportunity to work with you on this project. When
additional plans end information become available, we would appreciate
recelving them so that cur investigation may continue concurrently with
yours., :

/s/ Richard E. Griffith

Richard E. Griffith
Acting Regional Director




STATE OF IDAHO

Robert E. Smylie
Goverpor

DEPARTMENT OF FISH AND GAME

October 10, 1961

Mr. Paul T. Quick, Regional Director
Bureau of Sport Fisheries and Wildlife
P. 0. Box 3737 R

Portland 8, Oregon

Dear Mr. Quick:

This will acknowledge réceipt of draft copies of your report con-
cerning effects the Snmake Plain Recharge project, Idaho Falls
Recharge Area, Idaho, would have on fish and wildlife.

We concur with your report, with the exceéption that the need for
fish passage facilities around the diversion dam is questioned,
Possibly further study is needed in this respect.

During follow up, detailed studies, additional attention should
be given to the following items: 1. maintenance of stable stream
flows below the diversion dam im the river channel; 2. the pos-'
8ibility of changed water quality with unknown results on fish
and wildlife should this introduced water emerge in springs which
presently have important fish and wildlife values; 3. should the
recharge flooding ares present any possibility for waterfowl use
development consideratien could be given to the incorporation of
this as a project enhancement.

We appreciate the opportunity of reviewing your report.
Sincerely yours,
/s/ Ross Leonard

Ross Leonard
Director

cc: Fisheries Management Division
Game Management Pivision
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C UNITED STATES
0 DEPARTMENT OF THE INTERIOR
P Buresu of Mines
Y Region 1

September 26, 1961

P. 0. Box 4gp
Albany, Oregon

Regional DPirector.
Bureau of Re¢lamation
Boise, Idaho

Dear Sir:

The Snake Plain Recharge project includes the area of the Snake River
Plain, principally on the north side of the river, from the upper
topographic limits down to the Thousand Springs area near Blisa, Idaho.
The foothills on the north of the plain fgrm_the,northern boundary.

Three recharge areas have been selected and are shown on the General
Map. The St. Anthony recharge area is .in T, T N., Rs. 38 and -39 E. on
the boundary between Madison and Premont Counties; the Idaho Falls re-
charge area is in Ts. 1 and 2 N., R. 36 E., Bonneville County; and the
Milner-Gooding fecharge area is in T. 8's., R. 19 E., Jerome County.

The project area is covered by Quaternary Snake River basalt snd lava
flows. With the exception of some old gold placers along the river,

no mineral occurrences of value are known in the Snake Plain north of
the river and south of the foothills. No mineral deposits are known to
occur within the boundaries of the recharge areas as deseribed in the
previous paragraph. : '

The Bureau of Mines believes that the recharge project will not affect
mineral resources or the mineral industry.

Sincerely yours,
/s/ Mark L. Wright

Mark L. Wright
Regional DPirector
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FEASIBILITY OF ARTIFICTAT, RECHARGE IN THE
'SNAKE RIVER BASIN, IDAHO

. By
M. J. Mundorff

Abstract

The Snake Plain aquifer is an important element in the water re-
sources of the Snake River basin. About 800,000 scre-feet of water is
availsble from each foot of saturated thickness of the aguifer. The
coefficient of traensmissibility ranges generally from 1 to 60 million
gallons g day per foot. .

Irrigation began on the Snake River Plain in the 1880's, with
vater diverted from Snake River and its tributaries. Since that time
recharge from irrigation has resulted in a rise in the water table of
roughly 60 to TO feet. Coincidently with the rise in water level,
total underflow in the aquifer increased from sbout 5,200-5 2500 ec.f.s.
to sbout 9,000 c.f.s. by 1950. The aquifer discharges into the Snake
River, chiefly in two reaches, the American Falls Reservoir reach and
the Hagerman Valley reach.

Since 1950 far more land has been developed with ground water
than with surface water, so that the trend of the water table has been
reversed. Declines ranging from 1 to 12 feet between 1950 and 1960
are general over the plain.

With the increasing scarcity of favorable sites for surface stor=
age, and the general downward trend of the wetcr teblc during the past
8 or 10 years, artificial recharge haes become increasingly attractive.

Surplus flood-waters are gvailable in many years from the Snake
River, Henrys Fork, and some other streams. The bare, rough, porous
basalt is favorable for recharge by water spresding in many places.
However, most of the central part of the plain is too high to be reached
by eny feasible route from the rivers. Thus » Tavorsble areas are re-
stricted generally to a belt of terrain between the alluvial valley of
the Snake River, which is farmed, and the bigher basalt surfaces to the
northweet of the alluvial valley. Much of thls land 1s public domaln.

Three areas were studied in some detail. A1l are underlain by
basalt with varying smounts of windblown sand end silt overburden.

The area between Roberts and Plano is near the eastern end of the
plain. Iarge areas of land at a suitable altitude are available. How-
ever, the silty and sandy overburden has partially filled crevices and
other openings in the basalt, thus reducing the intake capacity.

A second area is a few miles west of Idaho Falls where there are
o0 to T5 square miles of bare, very rough basalt at a suitable altitude.
At some places silty interbeds underlying the uppermost basalt flows




will cause perched water tables, and may spread the recharged water
rather widely before it percolates downward to the main water table.

In this same general area recharge might also be accomplished by diver-
sion of water into gravel pits adjacent to the river.

A third area is along the Milner-Gooding Canal between Milner and
Shoshone. Considerable areas of rough basalt with little overburden
are adjacent to the canal where they could be reached by diversion
from the canal. There apparently are no extensive interbeds in this
area, although lenses of silt might cause local perching. -

The effectiveness of recharge is demonstrated by more than 60
Yyears of recharge from irrigation, amounting to roughly 3% million
acre~-feet & year, several times the amount of water available for
artificial recharge. Artificial recharge will not reverse the down-
werd trend in the water table, because not enough water is available
to offset the increasing demands for irrigation from ground water.
However, recharge of a million acre-feet will permit pumpage of 2
million acre-feet additional water (assuming 50 percent consumptive
use) without any additional decline in the water table.

II




Introduction

The Snake River basin, upstream from Bliss, Idaho (fig. 1) in-
cludes an area of nearly 36,000 square miles of which about 29,000
square mlles is in southeastern Idaho. The population of the area
within Idaho is about 275,000, which is about 41 percent of the popu-
lation of the State, Nearly 2 million acres or about two-thirds of -
the total irrigated acreage in the State is in the area; also, most
industry is based on agriculture, and as a result the economy of the
area is closely related to irrigation.

Most of the more easily developed sources of surface water are
fully utilized, and development of additional supplies are possible
only by means of expensive storage facilities. As surface-water
supplies have become more difficult to obtain, use of ground water has
increased greatly. The acreage irrigated with ground water has ine
creased from less than 100,000 acres in 1945 to more than 600,000
acres in 1960. '

The two largest components of outflow from the basin are ground-
water discharge from the Snake Plain aquifer between Twin Falle and
Bliss, averaging sbout 4,700,000 acre-feet per year, and flood flows
in the Snake River averaging perhaps 750,000 acre-feet per year. With
rapidly increasing development of ground water and the consequent
decline in the water table, and with surface-storage sites becoming
more costly, underground storage by means of artificial recharge be-
comes increasingly attractive.-

Artificial recharge may be defined as a planned addition of water
to an aquifer to increase the supply of ground water in storage so
that, (1) more water can be wilhdrawn at some Tuture date than other-
wise would have been available or (2) the same amount of water can be
withdrawn with less pumping lift. To be effective, recharge must be
with water that otherwise would not have reached the aquifer, or thot
would have reached it at some other place, where the recharge would
have been less advantageous. Although recharge incidental to irrigation
with surface water diverted to an ares may be very beneficial to the
ground-water supply, such recharge generally is not regarded as arti-
ficial recharge because the primary objective is to raise crops, rather
than to build up the water table. This type of incidental recharge
has increased the ground-water supply of the Snake River basin very
greatly during the past 80 years.

Purpose and scope of investigation

The investigation was undertaken by the U. 8. Ccological Survey at
the request of the U. S. Buréau of Reclamation and is a part of their
continuing study and appraisal of the water resources and potential for
irrigation in the Snake River basin. The investigation by the Geologi-
cal Survey included study of geology and ground-water hydrology as
related to possibilities for artificial recharge in the Snake River
basin east of Bliss, and especially to possible artificial recharge of




the Snake Plain aquifer. This study is an off'shoot of an earlier in-
vestigation, by the Geological Survey, in cooperation with the Bureau
of Reclamation, which culminated in & report on ground water in the
Snake River basin (Mundorff and others, 1960).

The specific objectives of this investigation were to identify
areas and aquifers that might effectively be recharged, to describe
the geologic and hydrologic features that would control recharge in the
Snake River basin in general, and at the potential recharge sites in
particular, and to evaluate the effects of artificial recharging on the
hydrologic regimen of the basin.

The author was assisted in the field by Chabot Kilburn, R. C.
luscombe, and Sheldon Cordes. Field work began in July 1959, and was
completed in July 1961. Field work included collection of pertinent
data on wells, collection of sand and silt samples for laboratory
analysis, and geologic mapping. Four test holes were drilled to pro-
vide stratigraphic and ground-water data. Recharge experiments were
conducted at three locations by the Bureau of Reclamation during the
period April-July 1961. Technical assistance was given by the Geo-
logical Survey, and the results of the experiments are evaluated in
this report.

A Jarge smount of data collected in previous investigations was
used in the study, and records of irrigation districts and canal com-
panies were also utilized. .

Previous investigations

Although many persons have commented on the possibilities of arti-
ficial recharge in the Snake River basin, no specific study had previ-
ously been made. However, a number of ground-water reports on the ares
provided information which was utilized in preparation of this report.

The most important previous studies in the area were those by
Stearns, Crandall, and Steward (1938); Stearns, Bryan, and Crandall
(1939); Nace, Stewart, and Walton (1959); and Mundorff, Crosthwaite,
and Kilburn (1960). The last cited report contains a complete list of
investigations and reports on ground water in the Snake River basin
through 1959.

Acknowledgments
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Well-numbering system

, The well-numbering system used in Idaho by the Geological Survey
indicates the locations of wells within the official rectangular sub-
divisions of the public lands, with reference to the Boise base line
and meridian. The first two segments of a number designate the town-
ship and range. The third segment gives the section number, followed
by two letters and a numeral, which indicate the quarter section, the
ho-acre tract, and the serial number of the well within the tract.
Quarter sections are lettered a, b, ¢, and @ in counterclockwise order,
from the northeast quarter of each section (fig. 2). Within the
quarter sections 4Q-acre tracts are lettered in the same menner. Well
85-16E-12bcl is in the SWENWE: sec. 12, T. 8 S., R. 16 E. and is the
well first visited in that tract.

Physical setting

The Snake River basin upstream from Bliss (hereafter referred to as
the Snake River basin) consists of the broad central Snake River Plain,
and the flanking mountain ranges (figs. 1 and 3).

The Snake River Plain averages nearly 60 miles in width and extends
from Bliss northeastward approximately to Ashton, a distance of about 200
miles. The surface of the plain slopes southwestward, from an altitude
of more than 6,000 feet north of Ashton, to about 3,200 feet near Bliss.
The plain is underlain by a thick sequence of basaltic lava flows and
sedimentary interbeds. The curface of the lava flows appears monoton-
ously flat from a distant view but closer observation reveals a variety
of land forms and a diversity of geologic features. Broad swells and
domes mark some centers of volcanism; craters and cinders, at places
alined along great rift zones mark others. Some of the earlier lava
flows are covered with a mantle of windblown sand and silt, and in some
depressions sedimentary deposits accumulated in playas. The more recent
Tlows are virtually bare and the ropy pahochoe lava forms flat table-
and ramp-like surfaces extending for hundreds of yards. At other places
the rough blocky aa forms an exceedingly jumbled and jagged mass, large
lava caves and Lubes are found at & few places, and pressure ridges and
collapsed lava tubes are common features. One striking feature of the
surface of some lava flows are the millions of small round pits commonly
5 to 10 feet in diameter that dot the surface in some areas s and appear
from a distance like the surface of a fine textured synthetic sponge.
The pressure ridges, collapsed tubes, and pits are all greatly fractured,
especially around their peripheries, and many of the fractures gape
widely.

Bordering the Snake River Plain on its northwestern and southeastern
flanks are a series of subparallel mountain ranges and intervening val-
leys. The mountain ranges on the northwest flank of the plain rise to
altitudes of 11,000 to 12,000 feet; those on the southeast to altitudes
of 7,000 to 10,000 feet. The rocks in the mountains are chiefly older
consolidated rocks including granite, quartzite, limestone, shale, sand-
stone, and silicic and basaltic rocks. In general these have been folded



and faulted into a series of northwestward trending ranges with inter-
vening structural valleys. The surficial expression of these structures
terminates abruptly at the margin of the Snake River Plain which crosses
them at approximately a right angle. The older rocks were faulted and
warped downward to form a basin in which the basalt flows and associated
sedimentary beds of the Snake River Plain accumulsted. The thickness of
the fill in this broad basin beneath the Snake River Plain is not known;
geophysical evidence suggests that the basin is more than 5,000 feet
deep. No wells more than & mile or two from the margin of the plain
have penetrated deeply enougli to reach the underlying bedrock. The
deepest well which is in Idaho Falls, is 1910 feet deep.

The structural valleys between the mountain ranges flanking the
rlain are broad, alluvial filled basins which merge with the Snake River
Plain at its margin. Many of these basgins are as broad at their heads
as at the mouth, and the streams draining them obviously have had little
or no role in shaping the valleys. The fill in these valleys consists
of alluvial-fan deposits, stream alluvium, basalt, and lake beds.

Climate and agricultural development

Precipitation on the plain and in the bordering valleys is gener-
ally less than 10 inches annually, thus irrigation is required for
crops. Limited forage is avalleble for sheep and cattle on the non-
farmed lowlands but this generally lasts only for a short time in the
spring. Some bench lands receive 10 to 15 inches of precipitation
annually, sufficient for ralsing wheat, or moderately good pasture.
Mountain areas receive up to an average of 50 inches of precipitetion,
and are used for grazing in the summer months. Much of the precipita-
tion in the nountsine occurs as snow.

The length of growing season varies with altitude and other feac-
tors, and ranges from less than 60 days in high valleys to more than
120 days at the western end of the plain.

The economy of the entire area is based largely upon irrigation
agriculturé. Not only do irrigated crops make up the major part of the
crops raised, but also stock raising depends to a considerable extent

upon hay and grain raised on irrigated farms, and the irrigated fields
are used for wlnter pasture.

A great deal of the industry alsc is based on irrigation agricul-
ture.  Important industries inelude sugar manufacturing, potato and
vegetable processing, meat packing, processing of dairy products and
milling of grain. Thus, an adequate water supply for irrigation is of
primary importance toc the economy of the area.

The basin has far more arable land than can be irrigated even if
the entire potential supply could be completely utilized.

Hydrology of the basin

There are marked contrasts in the water supply of different parts
of the basin. The mountain ranges and high uplands have an excess of
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water. Precipitation, largely as snowfall, ranges up to 50 inches,
much more than evaporates or is used by the native vegetation. The
Snake River Plain and tributary valleys receive only 6 to 10 inches of
precipitation annually, insufficient for most crops, and water must be
supplied by irrigation, either with surface water that enters the plain
and valleys from the mountains, or by ground water.

The Snake River which flows along the south margin of the plain is )
the trunk stream of the basin. Its flow ig maintained by perennial
streams, chlefly from the east and south. Most streams from the north
do not reach the Snake River, their entire discharge is lost a short
distance from the mouths of the velleys at the margin of the Snake
River Plain.

The Snake River receives lerge ground-water inflows in two reaches.
The first is in the reach from American Falls dam upstream to about the
mouth of the Blackfoot River {American Falls Reservoir reach). Inflow
in this reach totaled about 1,900,000 acre-feet in 1960. Water from
American Falls reservolr, above the dam, is diverted through downstream
canals for irrigation., The second reach is below Milner dam, some 60
miles southwest of American Falls dam. Ground-water inflow below Milner
dam, largely between Twin Falls and Bliss (Hagerman Valley reach) sver-
ages about 4,700,000 acre-feet a year from the north side of the Snake
River (discharge from the Snake Plain aquifer) and about 700,000 acre-
feet a year from the south side of the river. Because the river 1s in a
deep canyon below Milner dam, little water is diverted from Snake River
below that point. From the standpoint of irrigation, the water is
largely wasted.

Surface storage facilities upstream have been developed to the
point that in leecs than one-half of the yecars is it necessary to spill
vater at Milner; except in winor amounts for fish and prior water-power
rights. Development of additional storage, either surface or under-
ground; that would permit irrigation of additional lasnds, would be of
direct benefit to the economy of the area.

Hydrology of the Snake River Plain

The hydrology of Snake River Plain is summarized in this section to
serve as a basis for evaluatling recharge posslibilities and effects. A
more complete description of the hydrology can be found in the report by
Mundorff and others (1960).

The limit of the Snake River Plain along its northwest flank is
reasonably well defined (figs. 1 and 3). Except where itributary valleys
enter the plain, the lava terminates abruptly against the mountain slopes
formed on the older rocks. At the mouths of some of the tributary val-
leys, as at Big and Little Lost Rivers, and Birch Creek, the lavas extend
a shart distance up the valleys. The boundary of the plain along its
southeast flank is less definite. Sedimentary materials were deposited
in wide basins formed by damming of Snake River by lava flows, and extend
for considerable distances up the tributary valleys. The sedimentary



deposits are commonly interbedded with basalt. The southeast boundary
of the plain probably can be defined most conveniently by extension
across each valley from headlend to headland at the northwest end of -
the intervening mountain ranges.

The part of the Snske River Plain of primary concern in this report
is that part underlain by the Snake Plain aguifer. The Snake Plain
aquifer is defined as the series of basalt lava flows and intercalated
pyroclastic and sedimentary materials that underlie the Snake River =
Plain extending eastward from Bliss and Hagerman Valley approximately
to Ashton and the Big Bend Ridge (fig. 3).

A basalt lava flow generally is fine-grained or glassy and dense
at its base. Toward the center of a flow, where the lava cooled more
slowly and remained fluid longer, the basalt is coarser grained. Be-
cause the top of a flow generally crusted over rather quickly and was
subject to pressure from the s5till fluid lava beneath, it broke into
blocks. Thus, the surfece of many lava flows is highly irregular,
rough, and broken. At places fluld lava drained from the chilled and .
solidified walls and top leaving: lava tubes, many of which collapsed in
a Jjumbled mass. At other places renewed or increased pressure from the
fluid lave beneath caused the crust to bulge up and break into pressure
ridges leaving ga.ping cracks a.t their tops or sides.

Lava poured out over the irregular surface of an earlier flow oply
partly filled the irregularities, leaving voids between the earlier and
later flows. The zones of volds between the top and bottom surfaces of
successive flows, commonly termed interflow zones, are the important
weter~bearing and water-yielding horizons of the Snake Plain aquifer.
Pyroclastiec volcanic material such as volcanic bombe, clinkers, cinders,
end ash frequently were ejected between flows. Where this material is’
coarse-grained and porous, it adds to the permeability and porosity of
the interflow zones.

Lava flows genera.lly have shrinkage Jjoints, developed while cooling,
more or less at right angles to the flow surface. These Joints are im-
portant avenues for movement of water from one flow to ancther at some
Places, but are relatively unimportant in the lateral transmission of
water. The inability of water to move freely between superimposed water-
bearing zones ls demonsirated by the commonly observed sllght but signie-
ficant differences in water levels in successive zones.

A single flow overlain by a sedimentary deposit rarely is a good
aquifer because most of the openings and interstices at and near its top
are filled with sedimentary materials. If these materials are coarse
sand and gravel, or cinders, the unit will transmit water freely, but
filled openings transmit far less water than ones that are not filled.
If the capping-and filling ma.terla.l is silt or clay, little or no water
will be transml‘bted. :

The Snake Plain aqulfer camprises a tremendous hydraulic system

serving both as a vast storage reservoir and as a ground-water conduit.
The storage capaclty of the aquifer is very large. The speclfic yileld
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probably is on the order of 10 percent and the total porosity may be 15
to 20 percent. Assuming a specific yield of 10 percent, each foot of =
sdturated thickness of the entire 12,000 to 13,000 square miles of the
aquifer would yield about 800,000 acre~feet of water. Conversely, each
rise of one foot over the entire area of the agquifer would represent a
tain in storage of dbout'BOO 000 acre-feet.

The ability of the aquifer to transmit water is great. The coeffi-
cient of transmissibility generally ranges from 1 to 60 million g.p.d.
(gallons per day) per foot, and probably averages 10 million g.p.d. per
foot. T '

. Seurces of recharge to the aguifer, in ‘order of importance, are.,
(1) percolation from irrigation diversions, (2) seepage from streams
entering or crossing the plain, (3) underflow from tributary basins,
and (4) precipitation on the plain., The report by Mundorff and others
(1960) included a gquantitative analysis of the hydraulic system com-
prised by the Snake Plain aquifer. Recharge was summarized in that
report (p. 177) and is presented in a modified ver51on of their table as
follows‘

Source, or segment Of Snake River . Anmual recharge‘ AVerage'flow

Plain Where recharge cecurs : (acre-reet) (cofesa)
Prec1pitatlon on the plain ' 500,000 T00
Tributary basins along north flank 1,000,000 1,400
Upper Snake River valley, above Firth 2,500,000 3,400
Snake River valley, Firth to Blackfoot 600,000 800
Sneke River valley, Blackfoot to Neeley 360,000 500
Snake River valley, Neeley to Milner hoo,000 600
Snake River valley, Milner to Bliss 1,200,000 1,700 .
Average annual recharge (rounded) 6,500,000 9,000

Discharge from the aquifer is into the Snake River and is chiefly
in two areas; in the American Falls Reservoir reach, between the mouth
of the Blackfoot River and American Falls (belween the Blackfoot and
Neeley gaging statlon), and in the Hagerman Valley reach between Twin
Falls and Bliss, In the first reach the average discharge from the
aquifer is about 2, 600 o.f. g., of vhich about 500 c.f.=2. ig rechsrged
within the section, making the net loss from the aquifer in the reach
about 2,100 c.f.s. InfloW in the reach is stored in American Falls
Reserv01r and diverted downstream for lrrigstion.

Discharge in the second area is chiefly between Twin Falls and
Bliss, although there are a few small springs between Milner Dam and
Twin lalls, where the aquifer terminates at the canyon of the Snake
River. Discharge from the aquifer (north side of river) averages about
6,500 c.f,s. Ground-water inflow in this same reach from the south
51de of the river averages about 1,000 c.f.s. for a lotal ground-water
inflow in the reach of about 7,500 c.f.s. Surface inflow, sbout equally
divided between streamflow, chiefly the Big Wood (Malad) River, and sur-
face waste from irrigstion averages about TOO c.f.s. sdditional so that

[t




the total gain in the reach, as measured by gaging stations below
Milner Dem and at King Hill, averages nearly 8,200 c.f.s. The combined
discharge from the aguifer in the Blacl:E‘oot-Amer:Lcan Falls and the Twin
Falls-Bliss reach is about 9,000 c.f.s. (rounded).

. The quantitative analysis was used by Mundorff and others (1960
fig. 22) to construct a quantitative flow net ; which is reproduced as
figure 3 in this report. - Areas and smounts of recharge and discharge
and direction and amount of underflow are shown by flow lines represent-
ing underflow of 200 c.f.s. each. Because of lateral and vertical vari-
ations in permeability the flow lines do not everywhere cross the
contour lines at right angles, as they theoretically would if the
aquifer were completély,isotropic. '

The flow net was used to construct a map showing the transmissi- »
bility of the aquifer (Mundorff and others, fig. 55). Both these maps
are essential to evaluation of the effects of recharge operations.

The flow net (fig. 3)'represents the status of the aquifer approxi-
mately as it was in 1959. However, although the aquifer responds rather
slowly, it ie not cbotic but ic continuelly changing in response to
changes of recharge and di_scha,rge. Between 1900 and about 1950, diver-
sions for irrigation greatly increased recharge and the underflow, and
raised the water table more than 100 feet in some places. The effects
of recharge from irrigation dlversmns are described in detail in another
section of the report. e

Ground-water use and effects of withdrawals

_Ground=water withdrawals for irrigatlon began to be guantitatively
important after World War II, in 1945 or 1946; and sometime between 1950
and 1955 the amount of acreage added each year through irrigation with
ground water began to exceed the acreage added through irrvigation with
surface water. The increase in ground-water withdrawals is shown graphi-
cally in figure 4. Estimated ground-water use in the Snake River basin
in 1960 is shown in teble 1.

A considerable part of the water pumped percolates back into the
ground and returns to the aquifer. The proportions of the water that
are consumed ofr are returned to the aquifer depend upon the method of
irrigation, character.of the soil, type of crop, and other factors. The
amounts shown in the table’are estimates only, but are believed to be
approximately correct. According to the table, about one-half of all
the water pumped is consumed by crops or 1s evaporated and one-half
returns to the aquifer. Thus aguifer depletion is approximately one-half
of the amount of ground-water withdrown,

Changes in ‘ground-water levels are caused by changes in recharge or
discharge. Average amounts of recharge were shown in the table on page
T. The amount of recharge depends to a considersble extent upon diver
sions to irrigated lands. Because of large storage reservoirs, more
vater is used in the basin in some dry years than in some welt years.
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Table l.~~Ground-water use in eastern Snake River basin, Idsho .

OO

4 s B ==

T 7500 T
Ares, or Basin :'Ac’:rea_,ge Amount of‘ water .: Acreage
K : (acre~foot) :
‘ _ H Pumped Cons_u:med H
Northern tributary basins: = o
. Big Wood-Silver Creek : 10,000 35,000 16,000 : 12,000
Big Lost River Valley : 12,000 - 50,000 20,000 : 15,000
Little Lost River Valley  :__ 9,000 40,000 15,000 : 9,000
l : 31,000 125,000 51,000 : 36,000
Southeastern tributary basins : :
l and areas: : : :
' Goose Creek-Dry Creek : 90,000 250,000 150,000 *: 118,000
Raft River : 38,000 127,000 65,000 : 40,000
' Twin Felle-Selmon Falle : 11,000 35,000 18,000 : - 17,000
l : 139,000 412,000 233,000 : 175,000
Snake River Plain: : :
' ' St. Anthony-Rexburg-Ririe : 15,000 50,000 22,000 : 20,000
Mud Iske Basin , : 86,000 300,000 140,000 : 90,000
Roberts-Idaho Falls area : k40,000 130,000 = 65,000 : 50,000
‘ " Blackfoot-Aberdeen : 110,000 330,000 170,000 : 120,000
Pocatello area i T,500 25,000 12,000 : 8,500
American Falls area : 21,000 65,000 35,000 : 26,000
Michaud Project (USBR) : 3,500 7,500 5,000 : 3,500
l Minidoka Project (USBR) : 61,000 205,000 100,000 : 62,000
Minidoka-Hazelton ares : 80,000 240,000 125,000 : 90,000
Jerome-~Wendell area : 21,000 65,000 35,000 : 30,000
l Shoshone-Gooding area i___5,000 15,000 8,000 : 8,000
: 450,000 1,432,500 T17,000 : 508,000
— : ———
Total } 622,000 1,969,500 1,001,000 * 719,000
(rounded) * €20,000 2,000,000 1,000,000 * 720,000




Thus, the index to recharge is not precipitation on the basin, but the
quantity of water retained in the basin. For the period 191#1-60 the
amount of inflow from every major source east of Bliss was totaled for
each year, and the surface outflow at the gage below Milner Dam was
subtracted. A correction was made for changes in storage in American
Falls reservoir, The resulting quantity is the amount of water enterw-
ing or added to the basin during the year, and is an index of ground-
water recharge. The position and trend of the water table is not deter-
mined solely by the current year; recharge during previous years has )
some influence. In order to make allowances for earlier years in the
recharge index, 1/2 the water retained in the basin during the current
year, 1/3 of the previous year and 1/6 of the second preceding year were
totaled for use as the index for the current year. The "recharge index”
obtained in this way for the period 1950-60 is plotted in figure 5. Also
shown in this figure are hydrogmphs of wells 2N-31E-35d4cl, 8S-24E-31del,
and 58-15E-35dcl. Water levels in the three wells are representative . of
water levels measured in s large number of cbservation wells in the cen-
tral and western parts of the Snake River Plain. The recharge index rose
in 1950-53, held about stea.dy in 195h declined in 1955 and rose fairly
steadily the remaining five years. The water levels shown by the hydro-
graph of well’ 88-2LE~31dc1 ( 5 mileg north of Rupert) rose with the re-
charge index through 1953, declined in 1954 and 1955, and continued
declining through 1960, even though the recharge index was rising. The
decline in the water table in this area since 1953 cobviously is related
to the great increase in ground-water pumping in the Minidoka~-Hazelton
area which began about 1950 and became quentitatively significant by
1852,

The fluctuations in wells 2N-31E-35dcl and 5S8«15E-35dcl show about
the same influences and trends, except that the wells are considerably
more distant from arees of major ground-waler pumpage, and punpage in
areas nearest each of these wells did not become quantltatlvely signifi-
cant until 1957 or 1958. .

Ground-weter development in the Snake River Plain presumably will
continue. Because of the large amount of water in storage and the very
high coefficient of transmissibility the rate of decline has been, and
probably will continue to be low, probably averaging less than 1 foot
per year. However, the decline will continue for many years.

Factors a.ffe_cti,_ng feasibility of artificial recharge in
the 'Snake River basin

_ Among the many Tactors which affect the feasibility of artificial
recharge in the Spake River basin, and limit the selection of suitable
sites, a few are of primary importance. These are the availability of
water sultable for recharging, a suitable topographic situation, satis-
factory transportation route from source to site, and a suitable site

with adequate absorptive capacity of the materials underlying the site.
large parts of the Snake River basin and the plain are eliminated from
consideration because one or more of the above factors are unfavorable.
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Another consideration further narrows the selection of suitable.
sites. In the Snake Plain aquifer the ground-water mound spreads rather
rapidly; at scme places the water table begins rising at points as dis-
tant as 25 miles from a recharge srea within a few months after recharge
begins.  Thus water can be stored for periods of several years cnly if
the recharge area is remote from the points of discharge. For this rea-
son the most desirable locations would be at the upgradient (eastern) -
end of “the aquifer. Recharge in that part of the aquifer would raise
water levels throughout the aquifer, whereas recharge near the discharge
areas (i.e. ; near American Falls reservoir, or the Twin Falls-Bliss
reach) would raise water levels only near the recharge sites, and the
rise would be of relatively short duration after recharge ceased. ‘

Availability of water

Surplus water is available in some years from the Snake River and
from Henrys Fork. A study was made by the U, S. Bureau of Reclamation’
(written commnication, 9-6-61) of historical flows past Milner Dam,
the last major downstream diversion point, for the 30~year period of
water years 1928.57, modified to reflect current opersting conditions
and storage facilities. :

This study showed that in 8 of the 30 years more than 1,000,000
acre-feet of water a year would have been available for recharging, and
in 14 years more than 500,000 acre-feet would have been available. In 3
other years more than 150,000 acre-feet would have been available, In
13 years little or no water would have been available.

Proceeding on the prineciple that the water should be recharged as
for upgredient in the agquifer as is feasible, Uhe Bureau of Reclameblon '
concluded that water in an amount exceeding 100,000 acre-feet would have
been available from the Henrys Fork at St. Anthony in 12 of the 30 years.
In five other years the water available would have exceeded 20,000 acre-
feet, In the other 13 years of the study perlod little or no water would
have been available for recharging.

Assuming operation of & 2,000 c.f.s. canal diverting from the Henrys
Fork for recharge of surplus water, the amount of water available from
Snake River below the mouth of the Henrys Fork was estimated by the Bureau
of Reclamation to exceed 250,000 acre-feet in 14 years of the 30-year
period. In 2 other years the water available would have exceeded 100,000
acre-feet, and in the other 14 years little or no water would have been
available for recharging. The water would have been avallable in the
6-month period, Janiary through June. Although substantial quantities
of water were aveilable for recharge in more than half the years of the
base period, these years are not evenly distributed. For example no
water would have been available during one 8-year period, and except for
about 30,000 acre-feet availeble in one year, this period would have
extended to 12 years. On the other hand substantial flows, 150,000 acre-
feet in the lowest year, would have been available each year for recharg-
Ing during the last 15 years of the base period. The same pattern may
not be repeated, but there probably will be periods of several years when
no water 1s available for recharging and equally long intervals when
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ample water is availsble. Design of any recharge and recovery system
must take into account the erratic time-distribution of surplus streaum-
flows that would be available for recharging. '

Surplus water also is available for recharging in some streams
tributary to the plain. Some flood water discharges from the Blackfoot,
Portneuf, and Big and Little ILost Rivers. Artificial recharge might be
of local benefit within these tributary basins, but would not benefit
the Snake Plain aquifer for the following reasons. Discharge from the
Blackfoot and Portneuf Rivers is caught in American Falls Reservoir.
Because sufficlent water must be allowed to flow downstream in the Snake
River to £ill American Falls Reservoir, use of floodflows from the
Blackfoot and Portneuf Rivers would reduce the amount of water availa-
ble at upstream points from the Henrys Fork and Snake River by an equal
amount. Big and Idittle Lost Rivers lose their entire discharge at the
margin of the Snake River Plain. Diversion of floodflows for recharge
in upstream reaches would reduce recharge at the margins of the plain by
an approximately equivalent amount. (There might be slight differences
in evaporation losses at the two recharge sites). '

Surplus flocd water is available in most years from the Big Wood
River drainsge. Discharge records at the gaging station on Big Wood
River (formerly- Malad River) southwest of Gooding show annual discharges
ranging from 35,000 to 499,000 acre-feet during the period 1938-60.
Average annual discharge for the 23 year period was sbout 185,000 acre-
feet. In only two years was the annual discharge less than 75,000 acre-
feet, and only in 6 yeers was it less than 99,000 acre-feet. In 9 years
it exceeded 200,000 acre-feet. BSurplus water could be diverted from the
Big Wood River to recharge areas below Magic Reservoir; or from the
tributaries, Silver Creek and Little Wood River, to areas along the
margin of the plain.

Topographic situation

The Snake Plain aquifer is chiefly north of the Snake River and
most of the areas suitable for recharging also are north of the river.
Because of economic considerations it probably is not feasible to use
pumps to raise water to a recharge site higher than the sowce of the
water supply, or to construct long siphons or to use pumps to cross a
broad deprescion to reach a recharge site. If the water to be used for
recharging is to be transported by gravity, the potential recharge areas
are limited to lands lower in altitude than the highest practicable di-
version from Henrys Fork or the Snake River. Henrys Fork enters the
Snake River at an altitude of about 4,800 feet (figure 3), and the only
practiceble way in which to bring water from the Snake River to the
Plain on the north side of the river system at a higher altitude would
be to divert water upstream on the Snake River through a cross canal to
Henrys Fork. However, there would be sufficient flow in Henrys Fork,
during periods that surplus water was available for recharging, so that
a large part of the total could be taken from that river. There are
feasible diversion points on Henrys Fork in the vicinity of St. Anthony
at altitudes of gbout or slightly above 5,000 feet. Thus 5,000 feet
may be teken as the upper limit of any feasible recharge site.
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The central part of the Snake River Plain is higher than the flanks.
In the northeastern end of the plain the terrain below 5,000 feet is
chiefly adjacent to the Smake River and Henrys Fork, and in the vicinity
of Mud Iake and the mouths of Birch Creek and Little Lost River.

‘Famed lands generally are not suitableé for recharge sites because
the soil has too low a permesbility for adequate percolation rates.
also, it doubtless would not be economically feasible to include more
than small incidental areas of arsable land. The arable lands in the
Snake River Plain are chiefly confined to a very irregular belt adjacent
to Snake River on the southeast side of the plain, and irregular areas
near the mouths of major tributaries along the north flank of the plain.
Thus, areas suiteble as sites for artificial recharge in gemeral are
bounded on one side by teopogrephic contour lines beyond which it is not
practicable to conduct recharge water, and on the other side by arsble
lands which are neither suitsble for, nor available as recharge sites.
The one exception are gravel pits adjacent to Snake River in reaches
where the river is above the water table,

Water could be taken out of Henrys Fork at an altitude of about
5,000 feet upstream from St. Anthony and conveyed westward and north-
westward Into a large area north of Hamer and Mud Leke. The canal re-
quired would be 30 or 40 miles long. :

A closer site which could be served by a canal of the same genersl
alinement lies immediately west of Plano (see figure 11). However a
broad sag in the topography would drop the canal about 20 or 30 feet
below the 4 5900 foot conbour. The area above the 4,900-Tool contour thus
is immediately eliminated. The area below the 4 ,900—foot contour extends
westward for many miles, passing south of Mud ILske. However a topographic
depression extends northward from Roberts to Hamer (follcwed genexrally
by the railroad). Topographic maps are not available for that part of
the area, but elevations along the rallroad indicate that a canal crossing
the depression probably would do so at an altitude of not more than about
4,840 feet, further limiting the recharge area. The site is described
in more detail in another section of the report.

lhe first feasible downstream diversion site below the junction of
Henrys Fork and Spake River 1s south of Roberts at an altitude of about
4,750-55., Although it would be possible to divert from the Snake River
near Menan Buttes and carry Lhe waler north of Roberts, the added polens
tial recharge areas probably would not be worth the additional construc-
tion expense. Diverting at an elevation of about 4,750 south of Roberts,
water could be transported to a potential recharge site southwest of
Idaho Falls. Another possible recharge site is northwest of Springfield.
Water could be brought to this site by constructing a canal from the
Idaho Falls site, and water might reach the site at an altitude of around
4,700 feet. Because of a considerable drop in the river at Idsho Falls,
and in the reach downstream to Firth, diversion canals downstream from
Idaho Falls could reach only & narrow strip adjacent to the Snake River.
The Shelley and Springfield sites also are described in more detail in
a later section of the report.

13



Large unused areas underlain by basalt west of Aberdéen and north
of Take Walcelt appear to be sulteble for recharging, However, as can .
be seen by study of river- and land-surfdce altitudes in figure 1,
canals to bring water to these areas would be impracticably long and
expensive. Several existing irrigation cansls divert water to the
plain from the reserveir {Iake Milner) sbove Milner Dem. Diversions
are at an elevation ¢f sbout 4,130 feet. Surplus water could be di-- :
verted to areas suitable for recharge through existing canals. Diver-
sion: to this part of the plain at altitudes higher than 4,130 feet
does not sppear to be practicable. There is s difference in altitude
of only sbout 60 feet between lake Milner and Iake Walcatt which is 29
miles, alrline, to the northeast, Diversiens fram Iake Walcott would
not reach any apprecisbly different or better recharge area. The re-
charge area north of ILake Milner is described in more detail in a later
section of the report. : '

Below Milner Dam the Snzke River flows in a deep canyon and diver-
sion of water for recharge downstresm from that point is impracticable.

Water quality and tempersture

The chemical quality of watér used to recharge an aquifer may
affect the feasibility of the recharging operations. This is partice
ularly true where the percentage of dissolved solids is large » Or where
the recharge water is not chemically compatible with the water in the
aquifer. '

Because the present recharge to the aquifer is almost entirely
from the same sources &s the proposed artificisl recharge 5 Cchemical
compatability does not asppear to precent any problom. Analysis of
water from the Henrys Fork, Snake River, and three typical wells are
given in table 2.

Differences in temperature probably will have little effect on
compatibility of the water. However, water for artificial recharge
will be available chiefly in late winter end spring months, and the
temperature of the water will be low, at times very little above
freezing. Average monthly temperatures of water in the Snake River at
the Heise gaging station in water year 1957 were as follows (°F):

Oct. 46, Nov. 3G, Dec. 33, Jan. 32, Feb. 3%, Mar. 35, Apr. 39, Mey 46,
June 53, July 56, Aug. 59, Sept. 56. Temperature data for Henrys Fork
are not available, but temperatures probably are nearly the same as for
the Snake River. Thus, recharge water generally will be st tempere-
tures between 32 and 40°.

The temperature of the ground water is considerably warmer,
averaging about 54°-56°, The chief effect of the lower temperature of
the recharged water will be to decrease the coefficient of transmissi-
bility. The coefficient of transmissibility is determined at the pre-
valling temperature of the water in the aquifer, in this case sbout 55°.
At a temperature of 40° the coefficient would be T9 percent, and at a
temperature of 33°, the coefficient would be only 69 percent of the
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Table 2.--Chemical analyses of water from 2 rives and 3 wells.

(Analyses by U. S. Geological Survey. Chemical constituents

in parts per millicn)

Well

: : T VWell : T Well
: Henrys : Snake : 6N-4OE- : 18-32E- : 6S-17E-
¢t Pork % River : 30bdl s 23¢hl : 2abl
: near ¢ near l.:City of ¢ mear : City of
‘ H Rexburg : _Heis : Rexburg ¢ Tabor ¢ Shoshone
Date‘qf collection : 7.1&-59': - ieerst : o-10-54 : 20-30-56
Temperature (°F) : 72 L. sh . 55 ; 56
Silica (510,) : 26 P10 : 26 : 36 i 33 i
Tron (Fe) ; .23 - ; ot - ; .00 |
Calcium (Ca) § 19 ; Lo ; 53 ; 36 i .8
Mognestum (Mg) : 5.8 : 11 i 16 : 12 : 1k
Sodiumr(Na) ] i . P10+ 83 ; ( : 16
Potassium () P20 1.9 P EQS P
Bicarbonate (Hdo3) : 97 ' ; 162 ; 235 § 168 ; 220
Sulfate (S0y) R S RUR T 29 19
Chloride (C1) : 5.0 L 0+ 6.5 T2 i 8o
Diseolved solide: : ; ; ; ; |
Residue ; 168 : 219 i 232 ; 229 ; 261
Calculated P16 ooke i o3k i o255
Total hardness as | ’ “
~ CaCog DL : 168 ; 198 : 139 ; 177
Specific Conducta.nce: 189 362 394 358 Lok
(micramhés at 25°C) : : : : ; ;
P . 6.9 ; 7.0-7.9 ; 7.8 T8k : 8.0

1/ At the Heise gaging station, welghted average
(Water Supply Paper 1523, p. 430).
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coeffidient at 55°. Probably the greatest effect of water ‘tempers-
tures will be in percolation from the surface to the water teble. Per- -
colation may be only two-thirds as great when the water is mnesr freezing,
as it would be at a temperaturée of 55° to 60 °. A pond capacity nearly
50 percent larger would be required for the water at 33°F than would be
needed for water at 55°F, ‘ '

Recharge incidental to irrigation on the Snske River Plain

The hydrologic regimen of the Snake River Plain has been changed
very markedly because of irrigation of lands on the plain. The dis-
charge of ground water in the Twin Falls-Bliss reach increased about
2,500 c.f.s., and discharge in the Blackfoot-American Falls reach prob-
ably increased about 1,200 to 1,500 c.f.s. because of irrigation. This
increase in underflow and in discharge does not represent all the water
recharged to the Snake Plain aquifer by irrigation; natural recharge
from Henrys Fork and Snake River has been reduced because flooding has -
virtually been eliminated. Thus, recharge from irrigation probably is ,
more than half the total recharge, perhaps 4,500 to 5,000 c.f.8., about
3%‘- million acre-feot g years This is recharge Lo the Snake Plain
gquifer; much additional water is recharged to, and discharged from
perched aquifers east of Idaho Falls, and in the Burley-Rupert {Minidoka)
area., o

The annual recharge to the Snake Plain aquifer from irrigation
operations far exceeds the amount that could be added by artificial re-
charge. Thus, perhaps the best clue to the effects that the proposed
artificial recharge would have on the aquifer are the changes already
caused in the aquifer by recharge from irrigation. The effects of irri-
goation on the water Lable 1in two areas are described below. '

Aberdcen ares

Irrigation diversions to the Snake River Plain upstrean from the
Aberdeen area began before 1890. According to Simons (1953, p. 60-65)
the area irrigated exceeded 250,000 acres in 1900, and 355,000 acres in
1905. Not all the irrigated area listed was in the Snake River Plain,
some was in headwaters areas upstream from the plain. Probably about
200,000 acres in 1900 » and 300,000 acres in 1905 were in the Snake River
Plain,- Practically no data are availlable on actual diversions for irri-
gation, but the informetion that is avallable indicates that diversions
Were consldered to be excessive. Assuming an average diversion of 8
acre-feet per acre, diversions would have been about 1,600,000 acre-fest
in 1900 and 2,400,000 acre-feet in 1905. Undoubtedly diversions of that
amount of water to lands adjacent to the Snake River had conslderable
effect on the water table at an early date, and even though much of the
lrrigated land was many miles upgradient from the Aberdeen area , the
water table probably had risen considerably before irrigation of the
Aberdeen tract began in about 1910. :

Beginning with 1930, fairly complete records of diversions are
avallable. Diversions in the early 1930's averaged about 3,200,000
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acre-feet a year, by 1940 were averaging asbout 3,600,000 acre-feet s
and by 1950 Were exceedlng 3 800, OOO acre-»feet a year, ;

In 1960 more than 4,300,000 acre-feet of water was diverted for
irrigation of 432,000 acres of land in the Snake River basin above
American Falls, excluding the headwaters areas (Eagle, 1960). Probably
75 to 80 percent of the amount.diverted percolates into the ground and
becames ground water; however not all. this water reached the Snake .
Plain aquifer, a substantial amount recharged perched aquifers and re-
turned to the Snake River in upstream reaches. Of every 10 acre-feet
diverted for irrigation, approximately 3.5 acre-feet is consumed or
recharges perched aquifers, 2.5 acre-feet discharges into American
Falls Reservoir, and b acre-feet continues westward in the aqu:.fer to
discharge in the Milner-Bliss reach. - ‘

. Water diverted for a.rtificial recharge upstream from American
Falls will not be consumed by crops {minor amounts may evaporate) and-
would be recharged directly into the aguifer, or into perched aguifers
which would feed into the main aquifer, not into surface streams.
Therefore nearly all the water diverted would become recharge and
roughly 40 percent of the water recharged by artificial mesans upgradi-
ent from American Falls would return in the American Falls reach, and .
60. percent would return in the’ Milner-Bliss reach. This ratio holds

‘only as a rough general rule. A larger proportion of water recharged

in the near vicinity of the American Falls discharge ares would ob- .
viously return in that reach. ‘ :

Although discharge of the aquifer in the American Falls reach is-
related to irrigation on the entire segment of the plain to the northe- -
east, the fluctuation of the water table in the Aberdeen-Springfield.
area is closely related to diversions of water for irrigation in the -
immediate area. Diversions to the Aberdeen Canal and hydrographs of L
wells in the area are shown graphically in figure 7. These curves
clearly show that the recharge mound produced by irrisation moves oute"
ward in the aquifer. Well 45-33E-3c¢b2, within the irrigated area, :
responds within a few days. Water-level measurements are at too great
an intervel to fix the exact time required for their response, but
approximate travel times can be determined. Well 28-32E-23bbl, 8 m:.les
from the edge of the irrigated area, responds within 40 to 80 days.’
Well 15-30E-15bcl, 19 miles from the margin of the irrigated aresa
responds after 75 to 100 days and well 2N=-31E-35dcl sbout 22 mlles away
responds after 90 to 105 days. - :

A total of 362,000 acre-feet of water was diverted mto the
Aberdeen Cansl during the 1960 irrigation season of about 5—— months.
Trensmission losses, mostly to ground water, were 3& percent, or
nearly 140,000 acre-feet. Of the 222,000 acre-feet delivered to the
farmer, prcbably about 2 acre-feet per acre, 100,000 acre-feet for 48 2500
acres in the project, were consumed, another 10,000 acre-feet was surface
waste, leaving about 110,000 acre-feet addlt:.ona.l which percolated to’
the water table. Total recbarge to the water table from irrigation thus
was about 250,000 acre-feet, for an average rate of about 45,000 acre-
feet per month and the maximum rate, during June and July, exceeded
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50,000 acre-feet per month. This water was recharged over an area of
L or 5 townships.. The seaseonal rise in water levels ranged from about
1 to 12 feet in 18 wells in the irrigated area and averaged nearly 5%

The rise in waterlevel ééﬁéé&__bj.reeharg'e‘ was 2.3 feet at well
25-32E-23bbl, 8 miles from the edge of the irrigated aréa; 1.3 feet 19
miles from the edge of the irrigated area; and 0.9 foot 22 miles from .

the edge of the irrigated sres.

Diversions of surface water to irrigate an area of about 12 by 15
miles in the Burley-Rupert ‘erea (fig. 1) (Minidoka Project) began in
ebout 1908. Diversions exceeded 450,000 acre-feet in 1910 (calendar
year), 660,000 in 1915, 739,000 in 1920 and 800,000 in 1930. Diver-
sions for the period 1945-60 are given in the following table:

g Minidoks Canals
Year = North . South = Total
‘ side Y/ . Side

T Mnidoks Camels
Year  North = South =~ Tetal
Side ~ ~ -Bide -~ -

1953 = 434,000 353,000 787,000
1954 456,000 370,000 826,000
1955 426,000 356,000 782,000
1956 460,000 380,000 840,000
: : 1957 491,000 344,000 835,000
1950 435,000 371,000 ‘806,000 1958 = 528,000 365,000 893,000
1951 L6L, 000 358,000 822,000 1959 506,000 353,000 859,000
1952 469,000 386,000 855,000 : 1960 525,000 386,000 911,000

.
. .

1945 432,000 319,000 . 751,000
1946 438,000 331,000 769,000
1947 k51,000 . 347,000. 798,000
1948 432,000 356,000 788,000

1949  439,000° 352,000 - : 791,000

" ve 3: te 90 ¢ oo eofen ea s,

: — e ——
1/ Includes Minldoka North Sidé pump canal, 1957-60.

Although diversions have varied from year to year, depending on availa-
bility of water and irrigation requiremento, there has been no signifi-
cant increase in diversicns since the 1920-30 period. A large part of
the surface water diverted percolates downward to the water table and
recharges the main aquifer. Shallow aguifers are perched on clay and
silt strata in'the vicinity of Burley and Rupert and these perched aqui-
fers discharge; in part, into the Snake River within the reach. In
their analysis of recharge to and discharge from the Snake Plain aquifer
Mundorff and others (1960, p. LT4) estimated that the aquifer gained
about 400,000 acre-feet & year in the reach of the river between Neeley
and Milner. Part of this gain is derived frém underflow from the Raft
River basin, but a large parl, perhaps sbout 300,000 acre-feet a year 1is
derived from downward percolatién of surface water diverted for irriga-
tion. Actual percolation losses are considerably greater, probably in
excess of 60 percent of the water diverted, or 450,000 to 500,000 acre-
feet a year. The differénce between 300,000 and 450,000 to 500,000
represents water returned to the Snake River within the Neeley-Milner
reach by perched aquifers. Increased recharge because of irrigation

18
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after 1908 raised the water table considerably. The rise in water level
in the few wells for which information is available ranged from about 40
to 195 feet in the Minidoka Project area. (Mundorff and others, 1960,
p. 150.) Because irrigation developments in other rarts of the Snake
River Plain were in progress simultaneously with the Minidoka Project,
the effects of the Minidoks Project cannot be isolated. Nevertheless,
it is apparent that irrigation in the Minidoka area was an lmportant
factor in raising the water teble . an average estimated amount of 60 to
70 feet throughout that part of the Snake River Plain. Most of the risé
occurred before 1920. Occasional neasurements of water level in various
wells in the area indlcate that the vater table did not change more than
a few feet from the 1920's to 1950. It thus appears that diversion of
an average of 750,000 to BOO,QOO acre~-feet of water is just sufficient
to maintain the water table about its present position; or stated con-
versely, diversion of surface water over & period of 4Q to 50 years has
been sufficiently uniform to stabilize the water table within a rela-
tively narrow range at a level estimated to be some 6Q to 70 feet above
the preirrigation level. _ ' '

Since 1950 the greatest change in the hydrclogic regimen of the
area has been the drilling and use of a large number of wells for irrie
gation. Estimated ground-water bumpage and consumptive use on the -
horth side of the Snake River in the Minidoks Project area is given in

the following table; -

Ground water = - ‘ ‘ Ground water .
Year . Pumped Consumed. - Year Pumped - Consumed
(acre-feet) (acre-feet ) _(acre-feet) (acre-feet)
1951 50,000 25,000 1556 200,000 100,000
1952 - 75,000 : 38,000 1957 EA0,000 120,000
1953 100,000 - 50,000 1958 300,000 150,000
195k 135,000 - 68,000 1954 330,000 165,000
1955 160,000 80,000 1960 365,000 183,000

Irrigation from ground water is north and northwest of the area
served with surface water, and is chiefly beyond the limits of the
DPerched aquifers so thal most of the water that is not consumed returns
to the Snake Plain aquifer. '

The effects of recharge from surface-water diversions, as well as
the effects of withdrawals of ground water, are shown very clearly by:
hydrographs of observation wells in the area. The hydrographs of two
wells and cimulative departure from average monthly diversion of water
to the North Side Minidoka Canal for the periocd 1951-60 are shown in
figure 8. Because ground-water withdrawal was a relatively minor
amount for the first few years shown on the graph (1951-53), that part
of the graph shows most clearly the effects of surface-water diver-
sions. Well 8S5.2LE-31dcl is immediately adjacent to the area irri-
gated with surface wster which lies to the south, and also to the ares
irrigated with ground water which lies to the north. There was little
or no lag between diversion of surface water and the change from a
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downward to an upward trend of the water level in the well. Well

85-23E-2bal is about 6 miles from the area irrigated with surface water,
and there is a lag of 3 to 3% months between diversion of surface water
and a rise in the water table. Beoth wells showed a net rise during the

period 1951-53 which is attributed to above average diversions in 1950~

52, Diversions were down slightly in 1953, but the water table con-
tinued to rise, apparently because of same lag in recliarge, perhaps
representing water in downward transit from perched aquifers. In 1954
the water level in both wells began a general downward trend upon which
is superimposed the annual recharge-discharge cycle. The same trends
.are shown by more than a dozen other cobservation wells In the area.

Recharge from irrigation occurs chiefly during the irrigation sea-
son (allowing for some lag because of the time required for downward
movement to the water table, and some lag in leskage from perched aqui-
fers). Discharge is continuous. If there were no recharge from irri-
gation, the water table would continue to decline, as shown by the
dotted line extending the drawdown cycle for well 8S-24E-31dcl. By
drawing s perpendicular line from the highest point shown on the hydro-
graph (141.6 at the end of September, 1951 for example) to the extended
drawdoun curve, the rise in the water table caused by irrigation is X
found to be about 5.0 feet in 1951. Actually, the rise would have been
somewhat more, but consumptive use of about 25,000 acre-feet of ground
water in the adjoining area reduced the rise. Assuming that consump-
tive use and return to the river through perched aquifers is relatively
constant from year to year on the surface-water project, the relation
of these factors to the rise in the water table can be expressed by
the equation Sg-C=G, = KR, where Sy 1s surface diversion in acre-feet,
C is the consumptive use, in acre-feet, on the tract irrigated with
surface water, G, is ground water consumed on the ground-water tract,
¥ is acre-feet per foot of rise and R is the total rise in the water
table. C and K are unknown but can be determined graphically. If the
data from the precedingtwo tables and the hydrograph are used in this
equation and plotted, the data roughly define a straight line passing
through the points C = 500,000 at R = 0 (fig. 9). K is the slope of-
the line and is about 60,000 acre-feet per foot. That is, of the
750,000 to 850,000 acre-feet of surface water diverted to the Minidoka
Project each year, roughly 500,000 acre-feet is consumed by crops or
is returned to the river by perched aquifers, and the remainder,
250,000 to 350,000 acre-feet is recharged to the Snake Plain aquifer
(recnarge of 300,000 acre-teet a year was estimated by a different
method on page 18). E

To sum wp, irrigetion in the Minidoke Progect of somc 12 by 15
miles results in an annual recharge of 250,000 to 350,000 acre-feet.
This recharge, beginning in 1908 was a major factor, along with irri-
gation in other parts of the Snske River Plain, in raising the water
table perhaps 60 or 70 feet. The position of the water table had
stabllized after 10 or 15 years of irrigation so that there was little
net change in the water table from the 1920's to 1950. The annual
recharge cycle is shown by a number of observation wells in the area
for the period 1951-53 when withdrawal of ground water for irrigation
was relstively minor. Recharge of 250,000 to 350,000 acre-feet of
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Rlse 1n water level,feet

Fipure 9.-=Graph showing relation between surface-witer
diverasion minus ground water consumed, and
the rise in water level in well 8S-248-31dcl,
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water results in a rise in the water level of 4.5 to 5 feet in well
85-24E-31del (fig. 9) which is immedistely adjacent to the irrigated
area. Well 8S-23E-2bal is about 6 miles north of the project irri-

‘gated with surface water, and already in 1951, the water level in this

well'vas being affected by local ground-water withdrawals. However,
it appears that the rise in the water level in this well that can be

‘attributed to the annual recharge from surface-water irrigation is

roughly?—é— to 3 feet. The lag between diversion of surface water, and
the first change in water-level trend in the well, caused by diver-
sions, is about 3 to 3% months. '

More distant observation wells also show the effects of annual re-
charge from irrigation in the Minidoka Project area. All of these ob-
servation wells are farther north, so that they are nearer the area of
ground-water pumping than they are to the surface-water area. Thus the
rise caused by diversion of surface water is partially offset and ob-
scured by the decline caused by ground-water withdrawals, especially
since 1954, Hydrographs of 3 of these wells are shown in figure 10.
Distances from the margin of tract irrigated with surface water and the
time required for the effects of surface-water diversion to reach each
well, for these three wells and the two shown in figure 8, are given in
the following table:

Distance from Time required for effects

Well No margin of Minidoks of recharge from sur-

* Project area face water

— (mi]_.es) (days)
85-24E-31dcl o 0-10
85-23E-~ 2val 6 90-100
78-2LE- a4l 10 100
58-23E-1Tcal 20 150
4S-24E~ 6bbl 29 , 160-170
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Feasibility of recha.z;ge in selected areas

In a previous section of the report it was shown that large areas of
the Snake River Plain were eliminated from consideration as potential
recharge sites because of unfavorable topograph:.c situgtion, excessive ‘
distance from a suitable water source, or nonavailebility of a sa.t:.sfa.ctory
surface site.

Several generally favorable areas remained and these are described
in more detail in this section.

Roberts~Plano area

The Roberts-Plano area extends westward from the Egin Bench in the
vicinity of Plano to the vic:.nity of Ro‘oerts (fig. 11).

More than half the aree included on the map is eliminated from con-
sideration for recharge by water spreading because it is occupied by farms

and other developments.  Much of the rest of the area is public domain
used only for cattle grazing.

Geologic features

Almost all the area is underlain by basaltic lava flows of the Snake
River Group. The only exception is some small areas of silicic voleanic
rocks north of Egin lakes and southeast of Rexburg. .Both of these are at
to0 high an altitude to be considered for recharging.

In the southeastern part of the areas the basalt is overlain by chan-
nel, flood plain, and alluvial fan deposits from Henrys Fork, and the

Teton and Snake Rivers. The deposits are chiefly coarse sand and gravel,
but include some fine sand and silt.

The thickness of these alluvial deposits varies greatly. A few
buttes protrude through them, including Menan Buttes and Lewisville Knolls.
Elsewhere the thickness ranges from a few to more than 260 feet, according
to the few available well logs.

Basalt is at the surface or is mantled by thin windblown deposits in
the northwestern three-fifths of the area shown on the map. Low domes
mark several centers of extrusion. The most important of these are Little
Grassy Butte, about 8 miles west of Plano, and Roberts Butte, about 10
miles northwest of Roberts. According to P. R. Stevens (personal communi-
cation) who mapped the 16 townships T. 5-8 N., R. 35-38 E. in connection
wlth another proJject, the lava flows from Roberts Butte, and west of
Roberts are the oldest exposed in the area. The lavas from Little Grassy
Butte, those north of Mud Lake, and those north of Little Grassy Butte,
are the youngest. All the surficial basalts in this area are believed to
be of Pleistocene age. Same of the earlier flows, not exposed, but pene-
trated by wells, may possibly be as o0ld as Pliocene age.
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The lava flows are characteristically medium gray to black, olivine
basalt, commonly open~textured or vesicular. The flow surfaces are very
rough and irregular, with many collapse features and pressure ridges.
Collapse features range from bowl-shaped depressions a few yards in diam-
eter to very irregular interconnected depressions hundreds of yards across.
The nature of the surface of the basalt is shown in the figures 12a and
12b. These photos show many but by no means all of different types of
surficial features that are of significance in spreading of water for
recharge.

Windblown sand and silt mantle the basalt throughout the area. A
major source for these materials is to the west, in the Mud Lake area,
and another source is to the southwest, in the vicinity of Roberts. Winds
from the west-southwest have spread a blanket ranging in thickness from a
few inches to perhaps 20 feet. The deposits are scmewhat thicker on the
north and northeast flanks of Little Grassy Butte than they are on the
south and southwest flanks.

A stratum of sand and gravel is encountered beneath the basalt at an
altitude of about 4,800 feet east of Grassy Butte. The few well logs
available suggest that this stratum may continue through the area beneath
Grassy Butte into the Market Lake area (fig. 13). In the vicinity of
Mi.gket Leke the basalt is interbedded with lake and plays deposits (fig.
1

Ground-water features

The main aguifer is basalt and alluvium of the Snake Plain aquifer,
generally at a depth of 50 to several hundred feet below land surface.
The water table ranges from a few to about 120 feet below the land surface.
Perched aquifers have developed in irrigated areas along the Henrys Fork
downstream from St. Anthony and the Teton River downstream from Teton.

The perched agquifers are recharged by percolation from canals and
irrigated tracts.

The perched aquifers discharge in part into Henrys Fork and the
Teton River, but they also lose considerable water by percolation down-
ward to the main water table.

Recharge to the main aquifer is in part from this dowmward percola-
tion from perched aquifers, and also from percolation from Henrys Fork
and the Teton River. The direction of ground-water movement in the aquifer
is slightly south of west, (fig. 3).

The water table (fig. 3) is guite [lat from the eastern margln of
the area to approximately the railroad line between Roberts and Hamer.
West of this line fine-grained materials underlie considerable areas in
the vicinity of Roberts and Mud Lake and these deposits, aspparently form
a partial barrier to westward movement of ground water. East of the
barrier the main water table is above an altitude of 4,750 feet; a few
miles west of the barrier it drops to less than 4,600 feet. Through the
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barrier zone there are a number of different water tables in basalt flows
from the west that interfinger with fine-grained lake deposits to the
east.

The total underflow through the area is large. On the basis of data
through the period 1920-28, Stearns and others (1938, p. 203) concluded
that underflow away from the Egin Bench might be about 280,000 acre-feet
& year. In a later study Mundorff and others (1960, p. 169) computed re-
charge to the aquifer upstream from Firth to be about 2,500,000 acre-feet
per year. Their flow-net map (figure 3 of this report) shows an under-
flow of about 1,000 c.f.s., 725,000 acre-feet per year, through the
aquifer between Hamer and Roberts, a distance of about 15 miles. That
amount of underflow occurs under a hydraulic gradlent of about 5 feet per
mile between the Egin Bench and the barrier zone.

Source of water and topographic factors

Surplus flood water from Henrys Fork could be diverted near St.
Anthony at an sltitude of about 5,000 feet. Although this is not the
highest possible dlversion point, diversions at higher altitudes would be
somevwhat less desirable because of less favorable topographic and other
factors relating to diversion structures and cansl alignment. Also, it
appears that little sdvantage could be gained by diverting at higher points.
Therefore, for this study, it is assumed that the maximum altitude which
could be reached by recharge weter is 5,000 feet. The area above 5,000
feet north of St. Anthony and Plano is shown on fig. 11. As can be seen
from this map, a canal diverting gt 5,000 feet near St. Anthony could
convey water westward to an area west of Plano and Fgin Lakes. Following
approximately along the 5,000-foot contour, water theoretically could be
conveyed westward and then northward to evemtually reach an arees west of
Camas and north of Mud Lake. Heowever, this would be a very lengthy route
and ample recharge area apparently is avallable which is much nearer and
which would be of equal benelil luo recharge of the aquirler.

A few miles west of Plano an area occupied by a wide, low lava dome
(Little Grassy Butte) could be used for recharge. However ; this dome is
entirely surrounded by a sag in the topography. Detailed topogrephic maps
at a scale of 1:2L4,000 are available for the area east of longitude 112°00°,
but west of that longitude, and north of latitude 43°45' the only topo-
graphic map available is at a scale of 1:250,000 with a contour interval
of 100 feet. Study of the available topographic map, air photos and field
observation indicates that the maximum altitude by which & gravity canal
could reach the lava dome is about 4,870 feet. Thus the part of the dome
above that altitude is eliminated. The approximate location of the L870-
foot contour is shown on figure 11.

However, an area of roughly 100 squere miles remains around the peri-
phery of the dame to which water could be conveyed by gravity.

West of the railroad between Roberts and Hamer another large ares of

largely public domain appears sultable for recharge operations. However,
a sag in the topography, followed by the railroad, separates this area
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Figure 12a.--~Basalt surface on north slope of Litile

Grassy Butte, T. 7 N., R. 38 E.,
section 31.

Figure 12b.--Close-up view of basalt in pressure ridge
- in same area as 12,

(Courtesy U. S. Bureau of Reclamation)
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from the one to the east. Altitudes determined by the U. S. Coast and
Geodetic Survey along the railroad indicate that a gravity canal probably
could not cross this sag at an altitude above 4,830 or 4,840 feet. The -
approximate location of the 4,840 foot comtour is shown on the map, '
figure 11. o ' ‘

Recharge experiments

Two recharge experiments were conducted in the Roberts-Plano area
in 1961 by the U. S. Bureau of Reclamation and the Geological Survey.

Egin Lakes seepage study

Water is discharged into Egin Lakes from the Last Chance Canal by’
the Fremont-Madison Irrigation District to aid in subirrigation of the .
district. The lakes consist of a series of shallow ponds, in part
separated by dikes and levees (fig. 15). U. S. Bureau of Reclamation
personnel installed gages and other facilities for measuring pond eleve-
tions, inflow, outflow, and flow between ponds. They also bored 24 asuger
holes adjacent to the ponds. Surficial materials are light brown to gray,
fine- to medium-grained sand; at a few places a little gravel was encoun-
tered Just above the basalt. All holes except one bottomed on rock, pre-
sumed to be the surface of the uppermost basalt flow. Pertinent date on
these auger holes are given in the table dn the following page.

Most of the seepage loss was in the two largest ponds, labeled "A"
and "B" on figure 15. The ponds are connected by a broad channel so that
the water surface in both ponds is essentially the same. The area of
these two ponds on April 20 and June 7 was determined with the aid of air
photos. The ponded ares for other times during the test was extrapolated
or interpolated from those two measurements on the basis of pond elevation.

Inflow to the Egin Lakes area was measured at station M5 (fig. 15),
and the discharge between small ponded areas and broadened segments of
the channel was measured at stabions M4 and M3. Inflow to ponds "A" and
"B" was measured at M2 and outflow at ML. Seepage losses in the channel
and small ponds between M5 and M2, and seepage losses from ponds "A" and
"B" are summerized in table 4. Average daily seepage loss in the two
larger ponds was slightly more than 0.25 acre-foot per acre.

In most auger holes the highest water levels measured were those
made upon completion of the hole, or shortly thereafter. Hydrographs of
some of the auger holes, and the pond level in ponds A and B are shown
in figure 16. The relation of pond level and the perched water table is
clearly shown. The slope of the perched water table away from the ponds
is shown by the profiles in figures 17, 18 and 19.

The profiles suggest that there was some perching by silt in the pond
bottom, and that below the pond a perched aquifer had developed, probably
upon the basalt surface. The underlying basalt surface is irregular, and
apparently channels the movement of water in preferred directions.
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1
Table 3.--Auger holes in the Egin Ieke recharge test area l
Auger _Altitude of _  Date of —RE , Altitude l
hole Iend  Water  measurement of well 1oocb®d oy 01t Remarks
no. surface level 1961 (feet) surface
1 4,883.21 ary - 18.9 Yes %,86%.3 | I
2 4,881.77 4,871.17 Lk 16.9 yes h,861+.9_
3 4,881.11 L4,875.41 L4 14.0 yes 4,867.1 l
L 1,881.30 4,879.90 b 6t ves 14,8749 I
-5 4,881.87 4,879.37 L-k 5.6 yes 4,876.3
6 14,8348 ary = - 3.3 ves  4,880.2 l
7T  L,884.49 14,868,590 L 22.8 ves  4,861.7
8  1,883.27 1,872.87 b 17.4 yes 4,865.9 '
9 4,882.91 L4,878.91 k17 yes  4,865.8 l
10 4,883.03 4,880.73 44 12.9 yes %,867.8
U 4,883.02 k8752 k- 148 yes  1,868.2 i
12 4,884.03 ° ary - 11.8 yes 4,872.2
13 4,88.50 ary , 23.8  yes  4,857.1 1
s 4,880.32 u,8_66.99 ‘h-ll 34.0 yes L,846.3 czzsgdtgeig;e', '
15  4,880,38 L,87h.36 L-11 38.3 yes L,842.1
16 4,880.00 L4,876.57 b-11 22.8 yes 4,85T.2 l
17  4,880.15 h,87!+.2o '1+-J.1 22.3 ves %,857.9
18  L4,882.51 4,863.87 L4-11 22,2 - yes }4,860.3 l
19 h,881.92 L,873.16 k11 26.4 yes k,855.5 l
20  4,880.75 4,876.93 k1 17.3 no 4,863.5
21 1,880.01 4,876.57 h4-11 k9.9 yes %,830.1 l
22 4,880.35 4,87k.37 k-1 31.5 | yes L4,848.9
23 4,880.35 L,87h.38 k-1 30.3 yes %,850.1 l
2 14,882.47 L,872.53 3-11° 23.5 yes 4,857.9 I
26 l




Water surface April 20,1961

A?Hmmd hole 24

uger hole 22y-Auger hole 23 M
23
4?&2. hole 18
m?.—mou hole 17
Auger hole 16
A\»ﬂmoa hole 6 . M5=1,65 mile
o~ ﬂ“.»:moﬂ hole 5 northeast of
7 “Muger hole 4 My
Auger hole 21 S —Auger hole 12 ___.
\.\\-AH Auger hole Hmv 1&\1 __/ Auger hole 11 /ﬂ?.ﬁau. hole sub\n\\\\\\ oz
Auger hole MO// Auger hole 1k “Auger hole 13 _ M TN —— HHHH||/|HHH\\.\.\||
Auger hole 1! ug r\/,-\)!\\l//uvu_,_”\;!\“\..M/E;om.nwoum 9
Auger hole 3~ \xa\u\é 15 Auger hole & ~Auger hole 7
Aager hole m\ Section 3|4 Section 2
Auger hole I Lt

Section 10| Section 11

0 400 800 1200 feet
Scale

Figure 15,--Map showing igin Lakes seepage-study area.
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A composite sample was taken from each of the 24 auger holes for
laboratory determination of permeability. The coefficients of permea-
bility ;/ ranged from 2 to 240, and averaged 87. One-half the samples
were between 40 and 160.

A uniform sand with a permeability of 87 would transmit about 10
acre-feet per acre per day by vertical percolation, from a ponding area
if there were no perching layers below. The actual rate of seepage was
only 2.5 percent of that rate, and the difference can be attributed to 3
different factors. (1) The temperature of the water was considerably
below 60° F., probably about 4O° to 45°, and the permeability to water
of that temperature would be about 20 percent less than at 60° F. (2)
Silt in the bottom of the pond apparently reduced the permeability of the
top few inches of material. (3) The water was perched at the contact of
the sand with the basalt. Cracks and crevices in the basalt are capable
of taking large quantities of water, however, they comprise only a small
percentage of the surface area of the basalt. Where sand has filled
these crevices, the permeability is tlmt of the sand filling. If, for
example, the cracks and crevices comprise 5 percent of the area at the
top of a flow overlain by sand, then obviously the permeability of the
contact zone is only a small fraction of the permeability of either unit
by itself. K

TW~12 pump-recharge test

A recharge test wae made in an areca west of the Egin Lakee in May
and June, 1961. Water was pumped from well 7N-38E-23dbl (TW-12) into a
group of shallow depressions north of the well (fig. 20). A low dike was
built across a sag to prevent the water from spreading too far to the
north, and to keep the pond to reasonable dimensions.

The basalt in this aresa is covered by several feet of fine-grained
compact sand. A power auger was used to bore 15 test holes to obtailn
information on the thickness of overburden; and 12 additional holes were
bored and cased with downspout for use as observation wells as the pond
filled. After the test began It was found that addltionalauger holes
were needed 50 auger holes 13-21 were bored by hand. Information on the
test and auger holes is summarized in table 5. A composite sample was
talken from cach of cuger holes 1-12 (except 10) and test holes 1-3, for
laboratory determination of the coefficient of permeability. Permeabilities
of the 14 samples ranged from 8 to 140 and averaged 87, the same as in the
Egin Lakes area. Only 2 samples had permeabilities of less than 50.

Well TN-38B-23dbl, which furnished the water for the test, is 236
feet deep and obtains water from basalt between 165 and 231 feet (see
Section A-A', fig. 13). This aquifer is separated from the uppermost

1/ The coefficient of permeability (Pm) is defined as the quantity of
water, in gallons per day, that will flow through a section of aquifer
1 foot esquare under unit hydraulic gradient (1 foot per foot) at 60° F.
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basalt by 125 feet of silty sand and gravel. Well TN-38E-23db2, 30 feet
east, is 84 feet deep, and ends in the sand and gravel strata. Observa-
tions on the water levels in the two aquifers indicate that they are poorly
interconnected, and that water in the sand and gravel is perched.

The production well, 23dbl, was pumped at a rate of 2,400 to 2,600
g.p.m. Pumping began May 16, but because of engine trouble, pumping time
totaled only 137 hours for the first 10 days of the test. Thereafter,
pumping went somewhat better and total pumping time emounted to 673 hours
between May 16 and June 21. During that period a total of 317 acre-feet
of water was pumped. Data are summarized in table 6.

The'average seepage loss from the pond during the test was 0.29 acre-
foot per acre per day. However, the seepage rate decreased during the
test, and after the test ended as the pond reduced in aize.

The average thickness of sand overburden in the 27 test and auger
holes which reached basalt was 6.5 feet. The average thickness of over-
burden in the 4 holes reaching basalt within the area actually ponded was
T+5 feet. Generally, the greatest thickness of overburden is found in the
bottoms of the depressions ; basalt io cxposed at many places al higher
points, at places with gaping cracks. It is probable that as the pond
filled, the seepage rate should Increase, and if the water reached open
cracks and crevices in the basalt, seepage losses into these might be many
times greater than through sandy and silty overburden.

Water-level measurements in the auger holes, illustrated in vert by
the profiles in figure 21, indicate that a perched water table developed
on top of the basalt. However, the perched aquifer was never very much
larger then the pond, and the margins of the perched aquifer were steep.

During the recharge test, a water-level recorder was in operation on
well 7N-38E-23db2, which ends in the perched aquifer in sand and gravel
between the two basalt flows. The water level in this well rose (rig. 22),
beginning the day that the test began, and virtually ceased to rise the
day pumping ended (fig. 22). This water table was about 30 feet below the
shallow perched water table that developed beneath the pond. The rise in
the lower perched water table is believed not to be related to seepage from
the pond, but to some other cause, perhaps loading of the pond, or to a
general water-table rise caused by some other factor. There are two
reasons ror this belief. First, the rise ended the day pumping ceased,
yet seepage from the pond continued at nearly the same rste for & week
longer. BSecond, the aquifer supplying the water for the recharge experi-
ment also rose during the pumping period, and by an approximately similar
smount (see fig. 23). Several measurements of the static level were made
in the pumped well, 7N-38E-23dbl at times when the pump was off during
the test period; also, a water-level recorder was operated on well TN-30E-
23db3, which is in the same aquifer, 300 feet from the pumped well.
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Summary

The seepage rates from the recharge experiments indicate that large
areas would be required for recharging if only the bottoms of the depres=-
sions are utilized. For exasmple, with a seepage rate of 0.25 acre~foot
per acre per day, 4,000 acres would be required for recharging 1,000 acre-
feet per day. However, &as the weter fills and overtops these depressions
to spill from one to the other, open cracks and crevices in the basalt will
furnish avenues for recharge at rates manyfold greater. Several methods of
improving the intake are described in & later section of the report.

Considering the size of the area available for recharge, and the large
quantities of water recharged from irrigation in nearby areas much less
favoreble for recharge, 1t is a reasonable conclusion that artificial re-
charge in this area would be guccessful.

Provable effects of large-scale artificial recharge in the area

Specifically, the question is: What will be the changes in the hydro-
logic regimen if a certain quentity of water is added to the agquifer in
this area? The effects of recharge can be evaluated by two basically
different methods. These ere: (1) analysis of the effects of presently
occurring recharge, from streams and irrigation; and (2) theoretical an-
alysis based on assumed coefficients of transmissibility and storage, and
boundary conditions.

In a previous section of the report it was estimated that about
725,000 acre-feet of water was recharged to the aquifer each year by
percolation loss from the streams and from irrigation. Recharge from
the streams is a continuous process, but recharge Irom lrrigation is a
cyclic process that accounts for perhaps 300,000 to 400,000 acre-feet of
the total amnusl recharge in the area. The effect of this cyclic recharge
is shown by the hydrograph of well TN-38E-23dbl (TW-12) (fig. 23) which
is a few miles west of the irrigated area. Annual cyclic fluctuation in
this well is asbout 4 feet. However, if recharge had not occurred, the
water table would have continmed to decline, as shown by the dashed line
in figure 23. That is, recharge of 300,000 to 400,000 acre-feet over an
ares of 3 or 4 townships (120-150 square miles) during the irrigation
semson results in a rise in the main water table of about 6 feet in a
well a few miles from the edge of the irrigated =mrea.

Periodic measurements made on observation wells faxther to the west
are insufficient to adequately define the spread of the recharge mound.

In their report on ground water for irrigation in the Snake River
basin, Mundorrf and others {1960, p. 189) estimated that pumping 112,500
g.p.m. from 50 wells (about 250 c.f.s.) in the Roberts-Plano area would
lower the water table about 3.5 to 4.5 in individual wells at the end of
one season's pumping (122 days). Drawdown at a point 2 or 3 miles from
the line of wells would be on the order of 3 feet. Buildup of the water

table by recharge of 250 c.f.s. for 122 days would be the same amount, about
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Table 5.~-Test and auger holes in the TW-12 recharge Vtestv area

1/ A1l test holes, and auger holes 1-12 bottoamed on basealt.

i
i
. Test — . Test Test ,
hole Depth to - hole Depth to hole Depth to
no. rock 1/ no. rock 1/ no. rock 1/
' 1 k.1 6 k.o 1 2.3
. 2 7.6 7 33 12 3.6
3 2.3 8 8.6 13 3.0
l 4 6.3 9 7.3 1k 26
5 7.0 - 10 6.2 | 15 ko
' i“;uger ﬁept;,h to Altitude of : Auger Depth A}titudef; ofi‘
l gi? rock y SuL;?:ce Paselt ‘hgi? Hgié st??‘gcje
_' 1 6 4,849.23 | 13 3.0 L8426k -
l 2 9.6 %,852.20 _ Y ko I, 84k .08 -
; 3 7.6 L4 ,849.64 ls 5 It h,8h6.62 ,
i " 5.6 3,848 P16 ks 4,85.20
' 5 9.6 b,852.51 17 2.8  4,842.19
6 12.7 4,850.19 18 4.3+ 4,840.91
l T 9.5 L,849.11 19 6.5+ h,842.36
8 5.6 4,848.50 20 5.0 hl,81+5.'18
i 9 5.3 L,849.75 I 6.5 1,846 .83
' 10 7.3 4,848.51 ;
1 7.2 4,849.37
' 12 5.6 i,848.62
i
i




*po3sTT Porad Jo pus 3V /T
62°0 B T T . I A T R e mmmee= =~ == 3FVISAY

6°91€ = = = = T830]

€z o oL g gL 6'T ™ T- oL 6£8 0

9 .ma.ﬁ
g2 ¢6 9'3T €1 6°€T- 16 7T 1- T THB 0 9 £T-9
02" ._ (§€T. o9t g1 gl €€z oz 1~ Sz el 0 9 L-g Amap
6T o.,‘ma_, 0° e 6z 69 T'TH o T- TR 0 L T fmre-9z
f2* T otz TR o' THe- 0'g9 96 - S e 0 K| Ge-23
¢z Lyg  ger ge'tT T - 26 20* = 6rsngt g et 2 T2-02
og* 6ME g°9€ me  6°€E+ 26 91" + B Sy T e | g 6T-ST
Tt _, « m..,mm, g9t = 26°T g°'6 + m.mm_, w2 + SL GHgt Gty S :,.78
sz oz #°0€ 0T osm g .mm._+ S 6Bt 0'Ly S 6-¢ sunp =
€6 ¢6T  eEE  leT  S9m ¢l gg 2 e 070§ § 1 omp-TE AR
gt* glt . L2t ‘mm.a SR ‘M <1 N o by £4 00 T+ mm.m%; w..mm, S 0E=-92
A 48 1 4 | 7°g1 u § 9T+ g'2€ 05" T+ 66 et 9°GE g Ge-Te
99°0 6'g L1t oz’ 2 - m..ﬁ . .:,.ou G THE Y L°TT 2 02-61
- - A oT'0 ergTt 29T mm.da; 98T € gT-91 £BKH
v U (S G () Gapy ww (e (o ww
) BT T e B fady S R T ey T

389y efxeyoey dumy gZT-AL WOIT BY8I--'Q STUBL




3 feet, assuming the same hydraulic factors. Buildup for a recharge rate
of 500 c.f.s. would be double the amount for 250 c.f.s.

The Snake Plain aquifer discharges into the American Falls Reservoir
reach and the Hagerman Valley resch, as described earlier in the report.
Flowlines on figure 3 indicate that, of the total underflow in the section
at right angles to the flowlines between Blackfoot and Arco, about 40 per-
cent discharges into the American Falls Reservoir reach and 60 percent
into the Hagerman Valley reach. Therefore, about 40 percent of the water -
recharged in the Roberts-Plano area probably would be tributary to the
American Falls Reservoir reach and 60 percent would be tributary to the
Hagerman Valley reach.

. The rate at which the recharge mound spreads, and the time-distribution
of the increased discharge into the American Falls Reservoir reach is of '
considerable importance. A mathematical analysis can be made, by assigning
average values for the coefficlents of transmissibility and storage, and '
making some simplifying assumptions regarding boundaries. The boundaries
shown on figure 3 are too complex for solution. They can be approximated
by disregarding the boundary between Hamer and Idaho Falls, and shifting
the remaining boundaries to form a rectangle with straight-line negative
boundaries on the northwest, southeast, and northeast, and one positive
boundary, representing the American Falls discharge area, to the southwest.
Solution with even this simplified set of boundaries is very tedious and
requires a great amount of time. Theoretically, an infinite series of
image wells are required; actually with the configuration assumed, 19 image
wells suffice within the time limits used. However, with the simplified
boundaries, and 19 image wells, the time required for & solution was still
too great, so the problem was further simplified. The negative boundaries
were disregarded, and only one image well was used, reflected across an
assumed straight-line positive boundary crossing the flowlines at about the
upper end of American Falls Reservoir. With this assumption & graph, -
figure 24, was constructed showing the time-distribution in head changes
in the aquifer at a point 5 miles upgradient trom the positive boundary.
Assuming that the changes in head are in direct ratio to changes in under-
flow, the area under the curve represents the total gain in underflow, at
the point, caused by addition of a specific quantity of water in the Roberts- -
Plano area and the percentage of gein in underflow can be determined for each
year. The curve was constructed by assuming continuous addition of 100,000
g.p.m. for a period of six months; however, the rate of discharge does not
affect the percentage distribution of the gain in discharge.

Use of only the positive boundary, and disregarding the 3 negative
boundaries, may be justified by the following line of reasoning. The
magnitude of the "wave" of recharge is greatly affected by the negative
boundaries, but the rate of spread of the recharge mound toward the posi-
tive boundary would not be. As a check, several points were computed
using the 19-image well array. These points plotted above, but generally
parallel to the curve in figure 24. The curve was used in constructing
the table on the following page which can be used to determine the gain
in discharge in any year, caused by recharge of a specific quantity of
water.
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Table 7.--Increased inflow to American Falls Re$ervoir reach
caused by recharge in the Roberts-Pleno area 1/

Years
since : : _
recharging : : ¢+ Cuma-: : Cumu-: i .t~ Cumu- ¢ : Cum-

began . 1 : 2 ilative: 3  :lative: Sative: :lative

V-Years of consecutive recharging

.
. *

1 : 0 : : 0+ i 0 : o0 o
2 i1 ioi12i . i i
P15 i12 ;27 io0 i oer + i . i oeq
P13 115 : 28 112 1 Mo i 0 oMo ;o
1L s13 :o2k i15 i 39 412 PSLiooo:os1
£ 9 :11 : 20 :13 : 33 :15 : 48 112 : 60

OV O ® N4 0N W W

16 : 1 ;2 11

19

P 7 i9 :o16 w4 27 13 : 40 :15 : 55
6 i 7 13 i 9 AT 32 :13 : ks
5 : 6 : 11 y 7 :, 18 : 9 : 27 ; 11 ; 38
10 1{ , 5 9 6 15 7 22 ; 9 31
11 yoi ok 8 5 , 13 L6 . 19 : 7 L o6
12 3 ;4 7+ ki1l o5 ;16 : 6 ;i 22
13 3 : 3 6 4 ; 10 L 14 19
14 2 ; 3 5 3 ; b 12 i. 16
15 ; 2 2 Y o: 03 3 10 :: "

; 3 2 3

2 2

£ w5

17 : 1 @1

0 ¢)
o] w W + F W\

[¥8]
o
v

18 :l:lf?:l

19 : 0 : 1 : 1 : 1 : 2 : 1 : 3 : 2

w v -3 WY

20  :0:0: 01 : 1 :1: 2 :1

v

;/ In pefcent of quantity of water recharged annually.
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The table shows that, if a certain amount of water were recharged-
to the aquifer west of Plano during a single season, the entire effects
would be dissipated in about 20 years, with the rate of dissipation, in
the American Falls area being 0% in the first year, 12% in the second,
15% in the third, and so on. With five successive seasons of recharge,
the amount of recharge being the same each year, the rate of dissipation
of the annual addition of this recharge would be O percent in the first
year, 12 in the second, 27 in the third, 40 in the fourth, and so on.

Although, because of the simplifying assumpbions made, the curve
and tabular dats may be in considerable error, they do give a general
indication of the time-distribution of return to American Falls Reservoir.

The above discussion should not be taken to mean that the only bene-
fit would be increase in discharge into the American Falls Reservoir and
Hagerman Valley reaches of Snake River. In the process, the water table
would be maintained at higher levels. For example, recharge of 1,000,000

" acre-feet of water would maintain the water table at an altitude which

would have resulted if pumping had been 2,000,000 acre-feet less (assuming
1,000,000 consumptive use). Or, recharge of 1,000,000 acre-feet would
permit pumping of 2,000,000 acre-feet more water, without any additional
drawdown. Thus, the benefits would be partly in the incressed discharge
into American Falls Reservoir, and partly in the maintenance of higher
water levels.

Idaho Falls e.fea.

The Idsho Falls basalt recharge ares extends west and southwest
from Idaho Falls (fig. 25). The area which might be suiteble for re-
charge by spreading forms an irregular, discontinuous strip a few miles
wide trending southwestward beginning a few miles southwest of Idaho
Falls. This strip is bounded on the southeast by fully occupied and
developed lands, and on the northwest by lands too high to be reached by
any feasible gravity diversion of surface water for recharge. However,
within the strip remsining are many square miles that apparently are
ldeally sulted for artifliclal recharge.

In addition to recharge possibilities in the basalt, gravel deposits
adjacent to the Snake River could be used for recharging.

Geologic features

Except for the southeastern corner, the entire area is underlain
by basalt of the Snake River Group and alluvial deposits which together
comprise the Snake Plain aguifer. The southeastern corner, southeast of
alluvial valley of the Snake River, is underlain by a varied assemblage

of older volcanic rocks, whose only significance in this investigation
is that they have a much lower permeabllity than that of the Snake Flain

aquifer, and therefore form & negative hydraulic or barrier boundary.
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Alluvial deposits about 4O to 130 feet thick overlie the basalt of
the Snske River Group in a strip 5 to 10 miles wide along the Snake River.
Basalt is exposed only at a few places in this strip, where the Snake
River has cut through the alluvium into underlying knobs or ridges of
basalt as at Idsho Falls and Woodville. Southwest of Moreland, on &
terrace parallel to the Snake River, alluvial sand and gravel fill de-
pressions in what must have been a very irregular basalt surface. Gen- -
erally the sand and gravel is not more than a few tens of feet thick and
is of limited extent. Basalt crops through at many places.

Basalt overlain by varying smounts of windblown silt and playa
deposits occupies the northwestern half to two-thirds of the area. The
exposed basalt flows were extruded during many different periods of vol-
canism, probably all in the Quaternary Period. In general, the oldest
flows have the greatest thickmess of overburden and the youngest have
the least. For this study, however, age is relatively unimportant of
itself, and the lavas have been separated into four groups on the basis
of thickness and continuity of overburden. Basalt shown on the map with
the symbol Qb) is overlain by moderately thick (5 to 15 feet) and con-
tinuous deposits of silt and 1s farmed at many places. Units shown as
Q.b3, Qbo, and Qby have success:.vely lesser amounts of overburden; Qb ic
essentially bare (fig. 26).

Northwest of the Snake River alluvial deposits intertongue with
basalt flows at depth. The alluvial deposits lens out toward the north-
west and a few miles from the river the only sedimentary materials inter-
bedded with the basalt are occaslonal layers of fine sand and silt which
were deposited in the playas or as windblown depos:Lts (figs. 27, 28, and

29) .

' Ground-water features

The basalt of the Snake River Group, end alluvial sand and gravel
together comprise the Snake Plein aquifer in the Idaho Falls area. Re-
charge to the aquifer is by percolation from Snake River and from irri-
gation, as shown by the water table and flow-nét map, figure 3. The
importance of irrigation to recharge is shown by the pronounced rise in
the water table, generally 15 t6 30 feet, each spring after irrigation
begins (fig. 30). Flowlines indicate that the water is moving westward
beneath most of the area of recharge, but turns southwestward a few
miles west of the Snake River, and much of the water discharges into the
reach of the Snake River between Blackfoot and American Falls, as described
in a previous sectlon of the report.

The depth to water through the irrigated area (the recharge a.rea.)
generally is 50 to 150 feet. Westward, as the lend surfece riges, and
the water table declines, the depth to water is progressively greater.
There apparently are local perched aquifers at a few places, but no
extensive perched aquifer has developed as is found in the Egin Bench-
Lower Teton River area.
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Figure 26.--Basalt surface near the southeast







‘ T b L
: , T
T #Lisso -
| oN-BeEi2abal 2N-37E-18db)
s = - - 4700
i S SRS MY S U S S A E ]

T T EXPLANATION
Thick Beds Thin Beds
Siltond cloy Cinders Silt and ciay Cinders

Sond Bosalt

Basalt

ro

oo Horizontal  Scale

% B e
: Sand and gravel Ash Sand ond gravel Ash

Figure 27.—Geologic sections F-Ft, G-G!, H-H', and I-I', in area west of Idaho Falls.



EXPLANATION

Thin Beds

— oz
siit ani clay Cinders
== e -
Sand Bosait S
T

oz
Sand and gravel ash

-356-19dd!

Figure 28.--Geologic sections J-J!, K-K?,

1, and I-Lt,  area west of Shelley.




EXPLANATION

Thick Beds Thin Beds
Siitand clay Cinders Silt and clay Cinders
E @ [ o
Sand Basolt Sand Baosait
Sand and gravel Ash Sond ond gravel Ash
m . _Am L. mile
Horizontal Scale

e

%
1
I

bdf

N

M

Figure 29, ~-Geologic

sections M~M' and N-N',in area north of Moreland,



¥

&

6

Ly

i

J

. J

H

i

7
N7
Y
1961

)
fi
E
H)
N
A
Y

0
\%
H
L]
3
ho!|
N

13

ik s Al e

-

X
g
o

AN~B6R= ekl

2508
c
7
A
7
/
[ 4
gk

/.
unty

D1
4

Ehd
I
19 59

h e
‘I
Vi
G
W
N
N
5
£

]
P

YT
B

19
Figure 30.-~Hydrographs of wella im the Idaho Falls area.

A

v

15

.
7.
- -
B nghbm
N
N
i

T

1

4
= O ) O =] [Ty}

1 T &N R - F -3 &

1hYy
146
kgt
150
152
235
2hop
2h5
250
255
260

WMY¥P @0TIINS PUTT Ae[eq 390 nw.uop.@x 03 y3dsg







Underflow in this section of the Snake Plain aquifer is large. Accord-
ing to the flow net (fig. 3) underflow ranges from about 100 to 150 c.f.s.
per mile of aquifer width with & hydraulic gradient 4 to 8 feet per mile.

Source of water and topographic features

The only feasible source of water for artificial recharge is the
Snake River. Avallability of surplus water from the Snake River was
summarized on page ll. For the purposes of this study it was assumed
that the maximum diversion would be 120,000 acre-feet a month.

Water could be diverted from the Snake River at some point down-
stream from its junction with Hemrys Fork, which is at an altitude of
4,800 feet. , o . ‘

Studies by the U. S. Bureau of Reclamation (written communication
August 1961) indicate that the most feasible diversion downstream from
the junction is near or at the diversion for the Great Western Canal,
about 6 miles south of Roberts. This diversion is at an altitude of
4,755 to 4,760 feet. Water could be conveyed in a canal from this point
to the lava flows west of Idaho Falls. Detailed topographic maps are not
available for all of the area but study of the maps that are available
indicate that there is 50 to 75 square mlles of bare lavs surface below
the 4,750 contour between Idaho Falls and Blackfoot.

TW-10 pump recharge test

A recharge test was made at a location 9 miles southwest of Idaho
Falls in June and July 1961. -

Well 1N-36E-lccl (TW-10) drilled as a test well for the U. S. Bureau
of Reclamation in 1958, on public domein, was used as a source of water.
There is no silt overlying the basalt at this location, and the water
was discharged into a crevice in the basalt about 60 feet southeast of
the well (see fig. 31).

The uppermost basalt unit is about 36 feet thick at this site. It
is separated from the basalt which ie the aquifer by about 3L feet of
fine silt and sand (fig. 27). The water table is about 150 feet below
lend surface. '

Five holes were drilled to the top of the second basalt primarily
to serve as observation wells for the perched aquifer that was presumed
would develop when recharge began. The observation well, 1N-36E-2ddl
(OW-10) which was drilled in 1958 along with TW-10, was plugged at the
top of the second basalt so that it could also be used for observations
on the postulated perched aquifer. Geologic sections through all the
holes are shown in figure 32. Data on the wells and core drill holes
are given in the table on the following page.
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: - Altitude of 't Thickness of
Well or . " . e Top of : . :+ Total
Core-Drill . Land  Top of | Second . Upper Silt X Depth
Hole | surfacel/ ! stz 1 °° * Basalt - :
: : salt : :
TW=-10 : :
(1N-36E-1ccl) ¢ h,67u.65 : 4,638.0 : 4,602.0 : 36 : 36 : 218
OW-10 : : : : : :
(1N-36E-2dd1) : 4,675.07 : 4,640.0 : 4,603.0 : 35 p 37 - : 215

D.E. 1 ; h,67h.82':_u,639.5 : 4,603.1 : 35.3 : 364 : TL.T
D.H. 2 ; - h,674h.95 : u,§39635; 4,603.45 ; '35.6_ i 35.9 ; 71.5
D.H. 3 ; u,67h.09 ; h,638.o : b,597.1 ; 36.1 : 40.9 , T7.0
D.H. & § L,673.46 ; #;637.6 : b, 61k.5 : 55.7 : 23.3 i 5940
D.E. 5 L L6752 ¢ b,636.9 : L6101 : 36.8 :28.8: 66.9
Average | :  - 35.8 34.0

1./ Land surface is top of upperniost basalt at all holes,

Pumping began at 5 P.M. on June 9 at a rate of 2,400-2,500 g.p.m.
with e drewdown of 0.7-0.8 foot. Pumping was nearly continuous until
June 19. Breakdown of equipment forced a complete suspension of pumping
from June 20 to July 7, and pumping was intermittent from July T7-12.
Pumping was nearly continuous from July 13 to August 1, when the test
was terminated. A total of about 362 acre-feet was pumped during the test.

During pumping the main water table rose a total of more than 3 feet
because of recharge from irrigation on nearby lands. Pumpage is shown
graphically in figure 33. =

The water was disposed of in a crevice in the basalt (Llg. 34) and
at no time was there any ponding of water at the surface. However, a
perched water table did develop in and on top of the main sedimentary
interbed. Hydrographo of this perched water table and its relation to
the top of the silt layer are shown in figures 35-hO.

The perched water table reached its maximum height in most wells
near the end of the test. The maximm height of water above thet op of
the silt in each well was as follows:
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Figure 3l4.--Viev at site of TW-10 pump-recharge test.
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Maximum - Maximum
Well Height Well Height
DH 1 4.9 DH & 3.1
DH 2 | 3.6 DH 5 0
DH 3 b7 OW=-10 0.5

After recharge ceased the water level in all holes dropped below the
top of the silt in less than g day, and in most holles probably within a
few hours.

The salient points regarding this recharge experiment may be stated
as follows:

A perched water table developed in the silt layer, and this water
table rose into the basalt.

The water teble rose rapidly into the base of the upper basalt, and
then rose gradually as pumping conbinued. Whenever recharge ceased, the
wvater level dropped below the base of the basalt within a few hours.

The perched weter table had rather steep slopes away from the point of
recharge (fig. 33).

The results shown by the test are interpreted as follows:

The pore space in the silty layer contained considerable water before
recharge began, it probably was not far below saturation. There is no
soil covering the basaslt in this area and much of the T to 9 inches of
annual precipltation runs into crevices and percolates down into the silt.
The basalt layer below is porous and water from the fine-grained layer
above will not enter the basalt until there is a positive pressure on
the water, that is until the hydrostatic head cxcceds onc etmosphere.
Thus the silt is near saturation at all times, addition of a very small
amount of water at the top of the layer results in a very rapidly rising
water table. In a sense, the water table actually was perched on the
base of the silt.

When recharge began, the water table rose rapidly to the top of the
5ilt; because the base of a single basalt flow overlying silt is not
very permeable, the water level at first rose rather rapidly in the
basalt. Thereafter it rose more slowly, reaching a level where the
gradient was suffTiclent to move the water away from the point of recharge
&s rapidly as it was added. Water could be discharged by lateral ocutflow
or by vertical percclation through the silt down to the main water table
or by a combination of the two processes. The relative proportions of
these two camponents.of outflow are in question.
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For the following reasons it is believed that most of the water
moved down through the silt.

The mound of water in the basalt extended laterally only about 200
feet in the direction of D.H. 5, and barely reached OW-10, 250 feet away.
The extent of the cone beyond D.H. 4 is not known but considering the
gradient between D.H. 3 and D.H. &, it probably was not more than about
300, for totsl distance of 600 feet from the crevice into which the
water disappeared. The spread of the mound obtained by averaging the
spread in the three directions was about 375 feet. Thus, the average
diameter of the mound in the basalt probably did not exceed 750 feet.
The average slope of the ground-water mound between the near and the far
drill holes was 1.3 feet per 100 feet (.013 feet per foot). A circle,
described around the crevice where recharge entered the basalt, with a
radius of about 180 feet roughly bisects the average distance between
the near and far drill holes. The aversge saturated thickness of basalt
on July 25 at this radial distance, near the end of the test, was 2.8
feet. The eguation Q = PIA, where Q is the guantity of water in gallons
a day per square foot, I is the hydraulic gradient in feet per foot, and
A is the cross secticnal area in square feet, can be used to solve for
permegbllity of the basalt, assuming that none of the recharged wateﬁ
seeps from the basalt within the area of the circle. Solving, P = ;R =

3.6x106 = 87,500 g.p.d. per square foot. The flow across the bounﬂary
.OLl3x3,L70 = '

circle would be decreased by the amount of downward seepage from the
basalt within the circle, and the permeability of the basalt would be
correspondingly less than the figure derived.

As shown by the hyﬂrographs of drill holes 1, 2, 3, and 4 (figs.
35, 36, 37, and 38) the water table rose rather gza.dually, but dropped
abruptly entirely below the base of the basalt within a short time after
recharge ceased. This sbrupt decline is not compatible with the decay
of' a ground-water mound by lateral outflow but is the result to be ex-
pected of downward leakage through a semipermeable layer. If it is
assumed that all the water percolated through the silty layer within an
area 750 feet in diameter, the seepage rate would be sbout 1 foot per day.

Not much information is availeble regarding infiltration rates
through silty sediments in the Snake River Plain. Infiltration messure-
ments in the beds of the Blg Lost River playas showed infiltration rates
ranging from O.U to 5.4 and averaging 2.3 g.p.d. per sgquare foot (Nace
and others, 1959). These playa sediments probably are similar, but may be
more permeable than the silty interbed al lhe TW-10- site. :

Laboratory tests made on 7 samples of material from the silty layer
at the TW-10 site indicate a permeability ranging from practiecally nil to
2 g.p.d. per square foot and averaging about 0.7 g.p.d. per square foot,
equivalent to a percolation rate of slightly more than 0.l acre-foot per
acre per day. It may be that the silty layer is cousidergbly more perm-
eable at some places than at others; also, there may be thin spots or places
where the layer is missing and the upper basalt is in contact with the lower
basalt. Whatever the exact situation, most of the water recharged probsbly
moved out of the upper basalt layer by vertical percolation.
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Summsary of recharge possibilities in the basalt

Conclusions as to the feasibility of recharge by spreading water on
the basalt in this area cannot be based entirely upon the results of such
8 small-scale test as was made st the site of well TW-10. The intake
capacity of the upper basalt flow apparently is almost unlimited; how-
ever, if the silty layer will transmit water to the main water table at
a. rate of only 1 acre-~foot per acre per day, then a thousand acres would
be required for recharge of a thousand acre-feet per day. ‘

However, as shown by many well logs, and illustrated on the geologic
sections I-I' and L-L' in figures 27 and 28, the sedimentary interbeds
pinch out to the west and northwest, away from the Snake River. The lo-
cation of the recharge test, less than one-half mile from the edge of the
upper basalt flow, was not at & favorable location with respect to under=-
lying sedimentary strata. As the water is conducted westward, from de-
pression to depression on the basalt, conditions for vertical seepage
should improve and the rates might be manyfold larger within a few miles.

Recharge of gravels adjacent to the Snake River

The Snake River loses water fram its channel throughout the reach
from Roberts to Blackfoot. The alluvial deposits along this reach could
be used for recharge of additional water by diversions to abandoned
chamnels, unused gravel pits and simllar depressions. Through most. of
the reach the water table is 50 to more than 100 feet below land surface
so that a large storage space is avallable sbove the water table. Basalt
protrudes through the alluvial deposits at a few places; elsewhere the
gravel deposits range from a few to more than 100 feet in thickness.
Well logs indicate generally a fairly continuous sequence of gravelly
deposits; rarely are there reports of sandy or silty intervals.

No quantitative information is available on the intake capacity of
the gravel deposits, however, the gravel generally appears to be clean,
coarse, and permeable.

Rates of pertolation from the channel of the Big Lost River, in
downstream reaches on the National Reactor Testing Station, about 60
miles west of Idaho Fells, were measured in 1951 to 1953 (Nace and others,
1959, p. 21-30). Rates ranged from sabout 0.3 to 2.5 and averaged 1.0 foot
per day. The rates measured varied almost directly with discharge. Big
Lost River is intermittent, and has a low gradient through the reach. The
alluvium along the Snake River probably is considerably more permesble
than along this reach of Big Lost River. Also, the depth of water would
be considerably greater in gravel pits than in the shallow channel of Big
Lost River, and infiltration rates would be greater because of the greater
head.

At Peoria, Illinoils, rates ranged from about 40 to 100 feet a day in

two pits operated by the State Water Survey for three recharge seasons
(Suter and Harmeson, 1960, p. 45).
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Percolation rates in the gravels along the Snake River probably would
be in the range of 5 to 50 feet per day. Quantitative tests would be
required to derive a more precise value.

Probable effects of large-scale recharge in the area

By assunming aquifer,coeffiéients » and making somé simplifying assump-
tions regarding boundaries, the effect on the aquifer of adding large
smounts of water by artificisl recharge can be estimated.

The average coefficient of transmissibility is assumed to be 2x107

gallons a day per foot; the coefficient of storage is assumed to be 0.10.

A positive boundary at right angles to the flowlines is idealized near the
upper end of the discharge reach between the mouth of the Blackfoot River
and American Falls. Point of techarge is assumed to be 27.5 miles up-
gradient from this ppsitive boundary. All other boundaries were disregarded,
the only other near boundary is a negative one parallel to the flowlines.
Recharge is assumed to be at a constant rate for a period of 6 months.

With the above assumed cpeff'ficients and silmplilied boundary cvonditlons,
the head change was computed for.a point 2.5 miles upgradient from the
positive boundary (fig. 41), This figure indicates that under the assumed
conditions, discharge into the American Falls Reservoir reach would begin
to increase within a few months after artificial recharge begins and peaks
within 2 months after recharge ceases.

Not all the water recharged in the area west of Idaho Falls would
return to American Falls Reservoir, Flowlines (fig. 3) show that about
Lo percent of the underflow through this section of the aquifer is
tributary to the American Falls Reseryoir reach, and &0 percent is tribu-
tary to the Hagerman Valiey reach. Of that part of the water returning
in the American Falls Reservoir reach, the percentage that returns each
year is spproximately shown by the ratio of the area under the curve for
the individual year to the total area under the curve. As shown by the
table on figure 41, 32 percent of the water returning in the reach dis-
charges within the first year, 23 percent in the gecond year, and so on.

The above discussion does not mean to imply that the recharged
weter will physically move to the discharge area within a few months;
actual velocity of the water probably is only a mile or two a year.
However, the ground-water mound moves outward so that underflow and dis-
charge are increased as shown.

That the calculated rate of spread of the ground-water mound is of
the proper magnitude is shown by the spread of the recharge wave from
irrigation in the Aberdeen-Springfield area ( see page 17 and figure 7T)
where the ground-water mound Sprgads 22 miles in 90 to 105 days.
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Milner~Shoshone areas,

The Milner-Shoshone area extends northwestward along the Milner-
Gooding canal (fig. 42). The area which would be useble for artificial
recharge forms an irregular strip along the canal. Diversion to the canal
is at an altitude of about 4,130 feet.

The only topographic map available is the Army Msp Service 1:250,000
series with 100~ and 200-foot contour intervals so that altitudes are not
accurately known. However, thet map and air photos show that the land
surface rises to the east and northeast so that the area to which water
could be diverted on the east side of the canal includes only small
parcels immediately adjacent to the canal.

Notch Butte, south of Shoshone, rises above the general land surface
and includes perhaps a township which would be too high to be reached by
surface diversions. Beginning south of this butte (about 6 miles south
of Shoshone), a strip of land 4 to 6 miles wide extending for 10 to 12
miles roughly parallel to the canal, is topographically situated so that
it might be reached by water diverted fram the canal.

Geologic features

The entire ares between the Snake and Wood Rivers is underlain by
basaltic lavae flows of the Snake River Group. The basalt was extruded
fram several centers, chiefly on the east side of the Milner-Gooding
Canal. Broad lava dames mark these centers.

The basalt is overlain throughout much of the area by varying
amounts of sedimentary materials which accumulated in playas or as wind
deposits. Most of the land where the sedimentary deposits are a few
feet or more thick and are reasonably extensive, is farmed.

Because the most important surficial characteristic for artificial
recharge is the thickness, extent and continuity of overburden, the .
mapped area was divided inbto units on that basis. The subdivisions are
based glmost entirely on interpretation of areal photos. Of the 4 units
shown, 2 generally are not suitable for artificial recharge by water
spreading. The other two consist of areac too rough for farming, where
basalt exposures are numercus and irregular and are separated by thin,
discontinuous patches of overburden.

The basalt in this area is interbedded with sedimentary materials,
es in the Roberts-Plano and Idaho Falls areas s but there apparently are
no thick, extensive sedimentary deposits such as are encountered in some
barts of the other two areas. The sedimentary interbeds in the Milner-
Shoshone area are chiefly thin lenses of windblown silt » sand and volcanic
ash and playa deposits of limited extent. Cinder deposits apparently are
comuon, but because they generally are very permeable » they are an asset
rather than a liability to recharge. Subsurface conditions are illus-
trated in several cross sections in figure Ui3.
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Ground-water features

The only aquifer in the area between Milner and Shoshone is the
besalt and associated pyroclastics of the Snake River Group. The water
table ranges from sbout 150 to 250 feet below the land surface. There
are no really significant perched aquifers, but local perched aquifers
have been encountered beneath irrigated tracts, and near the canal. The
weter table slopes slightly south of west with a gradient, near the canal,
of about 10 feet per mile. A few miles to the west the gradient increases
to about 40 feet per mile. Flowlines (fig. 3) indicate an underflow of
about 150 cubic feet per second per mile width of aquifer. The source
of this underflow is chiefly at the eastern end of the plain, 100 to 150
miles eastward. However, considerable water is added to the aguifer by
leakage .from the Milner-Gooding canal and percolation from irrigated
farms in the vicinity of Hazelton, Shoshone, and Dietrich. For that
reason the water table shows an annusl cyclic response to irrigation
(fig. L4). These hydrographs also show a continuing downward trend. The
longer teym trend of the water table in the area is shown by the hydro-
greph of well 9S-20E-1dal (fig. 45). This curve shows a downward trend
beginning in 195k, probably related to pumping in the Minidoka area to
the east. The dowmward trend was accelerated beginning in 1958, probably
because of greatly increased withdrawals of ground water in the Bazelton
area. , ‘

To the west the aguifer terminates in the cenyon of the Snake River
(Hegerman Valley reach). The base of the aquifer, at the contact with
underlying less permeable voleanic rocks generally ranges in altitude
between 3,000 and 3,150 feet, 100 to 150 feet above river level. The
line of discharge between Twin Falls and Bliss is 25 to 30 miles west of
the Milner-Gooding Canal between Milner and Shoshone.

Summary

Large~scale topographic maps are not available to show potential
recharge sites along the Milner-Gooding Canal. The Twin Falls topo-
graphic sheet of the United States series at scale of 1:250,000 indicates
that areas covering meny squere miles are favorably situated for recharge
by water spreading in the northern two-thirds of township 8S-19E. Closed
depressions totaling only a few square miles are showm by the 100-foot
contour interval on the map, but undoubtedly there are many more square
miles of depressions than are shown. Mich of this area is shown by areal
photos to be rough surfaced basalt with thin discontinuous patches of
silt. Several other areas further north, along the west side of the
canal, also appear to be suitable for recharging.

Probable effects of artificial recharge in the area
The effects of pumping 250 c.f.s. for 122 days on the water table

in the Shoshone-Dietrich areas was computed in the report by Mundorff and
others (1960, p. 185-186). The computations apply equally to buildup of
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the water table by recharge and therefore the values given inthe cited
report can be used. That is, the rise in the water table would be
roughly 7 to 10 feet at the end of one recharge cycle, at a recharge
rate of 250 c.f.8., and 10 to 13 feet at the end of 50 cycles. This
would be the rise in the aquifer within the recharge srea; the rise

at distant points would be less.

The spread of a recharge mound from this area can be approximated
by analogy with the spread of the cone of water-table decline caused
by pumping in the Minidoka area. The water table began declining in
1954 immedistely adjacent to the Minidoka Project area (hydrographs of
wells 85-24 E-3ldel, and 8S-23E-2bcl, figure 8). These wells are 55
miles east of the Hagerman Valley discharge reach. The water level in
well 8S-14E-16bcl (fig. 46) which is about a mile. from the discharge
area did not show any decline until about 1958, and the decline was
minor until 1960, but was greatly accelerated in 1960 and 1961. Thus
it seems that it took I years for the increased pumping to affect the
water table about 40 miles downgradient from the margin of the pumped
area, and 6 years before the effect was apprecisble. By analogy then,-
the spread of & recharge wave from a recharge area along the Milner- .
Gooding Canal some 30 miles away would require 3 to 4 years to arffect
the water table in the vicinity of well 8S-14E-16bcl. :

Wood River basin

‘Tn a previous section of the report it was shown that annual dis-
charge from the Big Wood River drainage exceeded 9,900 acre-feet in 17
years, and averaged 185,000 acre-feet in the 23-year period 1938-€0.
Not all the water could be salvaged for recharge but perhaps an average
of 100,000 acre~feet could be. Part of this water would be available
from Little Wood River and Silver Creek. :

Originally large amounts of water were lost from the channel of
Big Wood River downstream from Magic Reservoir (fig. 3) to the Snake
Plain aquifer (Smith, 1960, p. 27). Since 1925 the entire natural
flow hes been diverted through the Lincoln Conal (Smith, 1960, pl. 2)
and losses are less. The abandoned river channel crosses and skirts
a basalt flow of Recent Age (Shoshone Basalt flow) which is very
permeable and takes water rapidly. According to the watermaster
(Smith, 1960) average losses in a 15-mile reach of the channel were
about 149 c.f.s. during the irrigation seasouns 1920-25. The abandoned
chanmel and adjacent areas of the basalt could be used for recharging
large amounts of water. The Hailey and Twin Falls topographic sheets of
United States series at a scale of 1:250,000 show that the altitude of the
basalt flow ranges from about 4,600 feet at point 8 miles south of Magic
Reservoir, to about 3,600 feet near Gooding. Water could be diverted
from the river onto the lava flow at almost any point along its course.
However, recharge in that part of the basalt northeast of Shoshone would
be more effective in raising water levels over & wider arca, and being
farther from the Hagerman Valley discharge area, would maintain water .
levels for a longer time than would recharge farther to the west.
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This recharge area is about 30 miles from the Hagerman Valley, and
on the basis of rate of spread of effect of large scale withdrawal in
the Minidoka-Hazelton area, it probably would take several years for the
effects of recharge in the basalt northeast of Shoshone to reach the
Hagerman Valley. ‘ -

Methods of increasing intake

It is apparent from the preceding general description and the
discussion of the individual recharge areas, that one of the major
problems in artificial recharge in the Snake River Plain, is to get the
water through layers of low-permeablility materials, down to the main
water table. These materials of low permeability et some places cover
the basalt surface, and at others they occur as interbeds.

The effect of these low-permeability layers 1s to increase the
area required for water-spreading, perhaps tenfold, or more. This may
not be a serious problem where large areas of public damsin have little
other use. However, the cost of dikes and other structures required to
conduct the water from pond to pond might be substantial. Also, in
some areas it may be desirable to keep the flooded areas smaller.
Therefore, some method of increasing the volume of intake per unit sur-
face area may be desirable. Several methods are described below.

Removal of surficial materials

In some areas, particularly in the Plano-Roberts area, windblown
sand and silt have accumlated in depressions in the basalt. The bottom
of each depression is blanketed with these deposits, and water must per-
colate through them. At places basalt is exposed along the flanks of
the depressions, but most of the cracks and crevices in the basalt are
partielly clhoked wilh sand and silt. Many of these, especlally the
gaping crevices 1n pressure ridges, are capable of taking large amounts
of water where they are not plugged. Some individual crevices might
teke tens of cuble feet per second. It might be possible to increase
the intake of water by removing the sand from individual crevices by
hydraulicking. Water from the recharge pends could be used as the ponds
filled. Once g crevice was clean, graded gravel could be used to fill
it to prevent it from again filling with sand.

Tt is possible that heavy blasting at favorable spobs, perhaps in
crevices of the pressure ridges, would open up new channels for the
downward percolation of water.

Galleries and injection wells
Where a layer of silt and sanci a8 few feet thick overlies the basalt,
wells drilled into the basselt could be used to increase the recharge rate.

In order to prevent silt and debris from directly entering the basalt,
the water could be filtered through gravel. A 20-inch to 27+-inch‘ca.sing
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would be cemented into the top of the basalt, and the uncased heole
cont inued on into the basalt. 1In one method the casing would be
perforated, the sand removed from around the casing, ‘and the annular
space back-filled with gravel (fig. 4TA). Alternatively, 8-inch
perforated pipe or tile could be placed in a shallow trench leading
into the well, and the trench back-filled with gravel (fig. 4%7B).

- In most areas where surface water can be diverted onto basalt
surface of the Snake River Plain, the basalt flows have one or more - -
interbeds of fine-grained msterial at some depth, for example, the
34-foot silty-sand interbed beneath 36 feet of basalt in the vicinity -
of the TW-10 recharge test. These interbeds cause perched aquifers
to develop. If the perched aquifers spread widely enough, all the
water will seep downward to the main aguifer. However; in spreading
widely they may reach farmed areas and cause waterlogging and seepage
problems. Therefore, it may be desirable to increase the percolation
rate. This could be done by drilling a well connecting the basalt
above and below the interbed, so that water could flow from the -
perched aquifer into. the well bore, down the bore, and out into the
main aquifer. By conpecting the twe aquifers, instead of injecting = -~
the water directly into the well at the surface, the possibility of
pollution and of silting up of the aquifer would be minimized. Con-
struction could be similar to that shown in figure 48.

Conclusions

For more than 60 years, beginning in the 1890's and ending in
the 1950's, the water table in the Snake Flain aquifer rose. This
rise was caused by irrigation.  The magnitude of the rise is not
completely known, because records of the position of the water table
prior to irrigation are not available for all parts of the plain.
However, the rise probably exceeded 100 feet at some places, and the
average for the entire plain may have been 60 to 7O feet.

With the great expansion in use of ground water for irrigation,
beginning after World War II, and becoming quantitatively significant
in 1952-53, the trend has reversed, and the water table is declining .
nearly everywhere beneath the plain. By 1960, ground-water withdrawals
in the eastern Snake River Plain and tributary valleys reached 2 million
acre-feet, and consumptive use was roughly 1 million acre~feet. The
decline in water level between 1953 and 1961 generally ranged from less
than a foot to about 12 feet. Ground-water withdrawals undoubtedly will
continue to increase and the water table will continue to decline.

Artificial recharge will not reverse that trend, not enough water
1s avallable for that.  However, recharge of a million acre-rfeet will
permit pumpage of 2 million acre-feet additional water (assuming 50
percent consumptive use) without any additional decline in the water
table.
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Large areas of public domain now having only limited use for
grazing, are available for recharge by spreading in shallow ponds.
Surplus water can be diverted to these areas from Henrys Fork, the
Snake, and Wood Rivers. Surficlal conditions generally are favorable,
the basalt surface contains many closed depressions, and addltional
depressions can be constructed by building low levees.

Small-scale recharge tests have revealed some of the problems;
silty and sandy overburden greatly reduces the intake capacity of the
basalt at some places, and sedimentary interbeds will result in
perched water tables at other places. Where recharging is attempted
under these conditions, larger areas will be required for water spread-
ing. However, there are seversl different methods that can be used to
increase the intake per unit area.

Present recharge from irrigation on the plain is on the order of
3.5 million acre-feet e year; in general, this recharge is accomplished
in the worst possible sites for recharging operations, where the over-
burden and sedimentary interbeds are thickest and most extensive, and .
where the water table is nearest the surface.

Thus, although there will be problems connected with artificial
recharge, for example, perched water tables might cause waterlogging
of some nearby farm lands, there is no question but that large quanti-
ties of water can be successfully added to the ground~-water supply.
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